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Project Summary

Lawrence Berkeley Nationa Laboratory (Berkeley Lab) proposes to create a Nationa Facility for
Advanced Computational Science (NFACS) and to establish a new partnership between the American
computer industry and a national consortium of laboratories, universities, and computing facilities.
NFACS will provide leadership-class scientific computing capability to scientists and engineers
nationwide, independent of their ingtitutiona affiliation or source of funding. This partnership will bring
into existence a new class of computational capability in the United States that is optimal for science and
will create a sustainable path towards petaflops performance.

In order to effect afundamental change in computer architecture development, we have established a
national Leadership Computing Consortium (LCC), composed of a number of federal agencies and U.S.
supercomputing facilities, including the National Science Foundation’s SDSC, NCSA, and TeraGrid
consortium, as well as Lawrence Livermore National Laboratory. The LCC, in collaboration with
NFACS, will change the way that high performance computers are designed and deployed through a new
type of development partnership with the computer vendor based on the concept of science-driven
computer architecture. The role of the LCC is twofold: firgt, it will provide input from science to drive
computing technology forward; second, it will incorporate best practices from our partners into NFACS.
We will develop a robust nationwide support infrastructure that ensures effective use of the facility.

We propose a partnership with IBM, the leading U.S. vendor of high performance computing systems
for science, to design a science-driven computer architecture with a sustained performance of 50 Tflop/s
on a broad spectrum of applications of national importance. This will be achieved through the phased
development and installation of two Leadership Class Systems (LCS-1 and LCS-2). These will be
designed with assistance from computationa scientists, with prototype pre-commercial configuration and
testing under way at IBM. This architectural approach achieves the highest sustained performance across
a broad range of key scientific applications for the lowest cost. It provides the best nationa investment for
scientific productivity, demonstrates continued U.S. leadership in computational science, and forges a
path to petaflops computing.

Applications scientists have been frustrated by atrend of stagnating application performance, despite
dramatic increases in claimed peak performance of high-performance computing systems. Our strategy
reverses that trend by engaging those scientists well before an architecture is available for
commercidization. The partnership with IBM is based on a collaborative approach to designing computer
architecture that will enable heretofore unrealized achievements in computer-capability-limited fields,
including nanoscience, combustion modeling, fusion, climate modeling, and astrophysics. The
unprecedented level of computational capability that will be made available to researchers in these fields
will result in scientific breakthroughs on issues of national importance.

We will draw on the demonstrated track record of the NERSC Center at Berkeley Lab in acquiring
and fielding high-end systems that meet user requirements and lead the country in unclassified scientific
computing. Leveraging NERSC will significantly reduce operational costs of NFACS, while ensuring a
timely installation and operation of the new facility.

The establishment of NFACS will result in a scientific computing capability that durably returns the
performance advantage to American science. A new class of computer designs will not only revolutionize
the power of supercomputing for science, but it also will affect scientific computing at all scales. This
proposal represents our vision for achieving outstanding computational science by providing for the
continued development of science-driven computer architecture.

PI: Horst D. Simon, Associate Laboratory Director for Computing Sciences
Mail Stop 50B-4230, Lawrence Berkeley Nationa Laboratory, Berkeley, CA 94720
(510) 486- 7377, fax (510) 486-4300, hdsimon@Ibl.gov
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1. INTRODUCTION: A SUSTAINABLE PATH TO LEADERSHIP

COMPUTING

This proposal presents a plan that will maintain and strengthen U.S. leadership in high performance
computing, initiate a new wave of scientific discovery, and enable the solution of problems of nationa
importance. Lawrence Berkeley National Laboratory (Berkeley Lab) proposes to create a National
Facility for Advanced Computational Science (NFACS) and to establish a partnership between the
American computer industry and a national consortium of leading laboratories, universities, and
computing facilities. In this proposal we are guided by the following anaysis:

1. This U.S. Department of Energy (DOE) investment must lead to widely deployable new technology
for high-end scientific computing. If it leads merely to a series of experiments or the purchase of a
single machine, it will not have a lasting impact.

2. The technology we need will not spontaneously appear on the market. By taking a passive approach
that relies on existing vendor offerings, the high performance computing community has ceded
leadership to other players whose requirements are increasingly incompatible with the needs of high-
end computing.

3. Severad nationa panels have concluded that the rules of engagement between the scientific
community and the American computer industry must be revised. Scientific applications must directly
influence machine design in a repeating cycle: (a) scientific applications input to designers, (b)
computer design with increased performance, (¢) deployment and delivery of new systems to the
scientific community, (d) repeat.

4. Successfully changing the rules of engagement requires a partnership with the American computer
company with the most resources, the best track record of research and development, and proven
success in delivering in high performance computing. To justify the necessary commitment from the
company, we will fam a national consortium of laboratories, computing facilities, universities, and
researchers equally committed to changing the future of the computing capability available to the
scientific community.

5. Berkeley Lab and our partners have evaluated a representative array of scientific applications to
establish precisely their algorithmic characteristics. From those algorithms we have derived a clear
understanding of the limitations of current high-end systems of all designs, from clusters to vector
computers.

6. Over the past two years, the Blue Planet partnership led by Berkeley Lab has worked closely with
IBM to design a machine that better meets the needs of scientific applications. The goals and
methodology of this partnership were validated by the successfu design and implementation of the
$100M ASCI Purple system at Lawrence Livermore National Laboratory (LLNL), based on the Blue
Planet design.

7. We propose to continue and expand the Blue Planet process, bringing in a national consortium of
partners to guide the process. IBM has committed to participate, delivering a Leadership Class
Computing System based on an extension of the Blue Planet work, with possible evolution into a
hybrid with the IBM Blue Gene designs currently under research and development.

8. Berkeley Lab, through its effective management of NERSC, has earned the reputation for delivering
the best high-end computing to the national scientific community. Leveraging these resources and
experience will produce the greatest return on DOE'’ s investment and provide the greatest opportunity
for a successful scientific program.

Berkeley Lab has already started on the path to establishing this new facility, deploying the optimal
architecture, and building the national coalition necessary for the successful realization of thisvision.
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2. SCIENTIFIC APPLICATIONS AND UNDERLYING
ALGORITHMS DRIVE ARCHITECTURAL DESIGN

The central goa of this proposa is to deliver new scientific results on computations of a scale that
greatly exceeds what is possible on current systems, with sustained performance rates of 50 Tflop/sin
2007 on applications of scientific and national importance. To that end, we have identified the following
application classes as being ripe for breakthrough science using very high-end computing, and relevant to
some of the most important national objectives. nanoscience, combustion modeling, fusion energy
simulations, climate modeling, and astrophysics.

Appendix D describes in detail Berkeley Lab's scientific collaborators for this proposal, their
scientific applications, computationa requirements, and the achievements that can be expected when the
applications are run on this Leadership Class System. Table 1 summarizes the goals, computational
methods, and example applications of each science area.

Table 1
Science Breakthroughs Enabled by Leadership Computing Capability

Science Areas | Goals Computational Methods Examples of Breakthrough
Applications
Nanoscience Simulate the synthesis and Quantum molecular dynamics | Simulate nanostructures with
predict the properties of multi- [ Quantum Monte Carlo hundreds to thousands of atoms,
component nanosystems Iterative eigensolvers as well as transport and optical
Dense linear algebra properties and other parameters
Parallel 3D FFTs
Combustion Predict combustion Explicit finite difference Simulate laboratory-scale flames
Modeling processes to provide efficient, | Implicit finite difference with high-fidelity representations
clean and sustainable energy | Zero-dimensional physics of governing physical processes

Adaptive mesh refinement
Lagrangian particle methods

Fusion Understand high-energy Multi-physics, multi-scale Simulate the ITER reactor
Energy density plasmas and develop | Particle methods
an integrated simulation of a Regular & irregular access
fusion reactor Nonlinear solvers
Adaptive mesh refinement
Climate Accurately detect and Finite difference methods Perform a full ocean/atmosphere
Modeling attribute climate change, FFTs climate model with 0.125 degree
predict future climate, and Regular & irregular access spacing, with an ensemble of 8—
engineer mitigation strategies | Simulation ensembles 10 runs
Astrophysics | Determine through simulation | Multi-physics, multi-scale Simulate the explosion of a
and analysis of observational | Dense linear algebra supernova with a full 3D model
data the origin, evolution, and | Parallel 3D FFTs
fate of the universe; the Spherical transforms
nature of matter and energy; Particle methods
galaxy and stellar evolution Adaptive mesh refinement

The most effective approach to designing a computer architecture that can meet these scientific needs
is to anayze the underlying agorithms of these applications, and then, working in partnership with
vendors, design a system targeted to these algorithms.

From this list of important scientific applications and underlying agorithms, several themes can be
derived that drive the choice of a large-scale scientific computer system: (1) multi-physics, multi-scale
calculations; (2) limited concurrency, requiring strong single-CPU performance; (3) ©liance on key
library routines such as ScaLAPACK and FFTs; (4) the use of particle methods, with couplings to grid-
based methods that lead to large-scale interaction of two regular, but unaligned, data structures; (5)
widespread usage of finite difference computations, requiring good performance on fairly regular
accesses in multiple dimensions and high main memory bandwidth; (6) an increasing usage of sparse,
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unstructured, and adaptive mesh (AMR) methods, which entail some irregular control sequences that do
not perform well on vector systems; and (7) ubiquitous data parallelism providing the opportunity for
fine-grained operation concurrency; (8) irregular control flow inhibiting fine-grained symmetric operation
concurrency. Table 2 presents a qualitative summary of this information:

Table 2
Algorithm Requirements

Science Multi- Dense FFTs | Particle | AMR | Data Irregular
Areas physics linear methods parallelism | control
& multi- algebra flow
scale
Nanoscience X X X X X X
Combustion X X X
Fusion X X X X X
Climate X X X X
Astrophysics X X X X X X

The characteristics summarized here point to the need for a flexible system — one that can perform
well both on random memory access calculations as well as regular memory access problems and that
combines strong single-node performance (to minimize the required concurrency in the application) and a
powerful system-scale network.

Of the two principal classes of high performance systems in widespread usage — superscalar systems
and vector systems — each has a different set of advantages and disadvantages for these applications.
Superscalar, cache-memory-based systems tend to do well on problems with spatial and tempora data
regularity. These systems also do relatively well on irregularly structured algorithms and codes with
heavy usage of conditional branching in inner loops. However, many cache-based systems feature low or
over-subscribed main memory bandwidth, since they are not primarily designed for scientific
computation. Thus, codes with low computational intensity typically do not perform well on these
architectures.

Vector systems exploit regularities in the computational structure to expedite uniform operations on
dependence-free data Many scientific codes are characterized by predictable fine-grained data-
parallelism and thus allow vectorization. However, vector systems tend to do poorly on codes with
irregularly structured computations. These codes are characterized by irregular control flow, intensive
scalar operations, and significant conditional branching — operations that inhibit vectorization.
Performance on vector architectures degrades significantly even when a small fraction of the work is non-
vectorizable, as described by Amdahl’s Law. This is particularly true for newly emerging multi-method,
multi-physics codes that can only leverage vectorization for a subset of the numerical components.

These considerations suggest that an architecture that combines the best features of high-end
superscalar and vector systems would be best suited for the workload that we project for future high-end
computing of national importance. To that end, we will describe in the following sections a system that is
being developed by IBM, in collaboration with NFACS and the Leadership Computing Consortium, that
targets this broad range of scientific computing.

3. A SCIENCE-DRIVEN SYSTEM ARCHITECTURE

Applications scientists have been frustrated by a trend of stagnating application performance despite
dramatic increases in clamed peak performance of high-performance computing (HPC) systems. This
trend has been widely attributed to the use of commodity components whose architectural designs are
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unbalanced and inefficient for large-scale scientific computations. It was assumed that the ever-increasing
gap between theoretica peak and sustained performance was unavoidable. However, recent results from
the Earth Smulator (ES) in Japan clearly demonstrate that a close collaboration with a vendor to develop
a science-driven architectural solution can produce a system that achieves a significant fraction of peak
performance for critical scientific applications. The key to the ES success was the long-term collaborative
development strategy between the scientists of JAMSTEC (Japan Marine Science and Technology
Center) and NEC Corporation.

Realizing that effective large-scale system performance cannot be achieved without a sustained focus
on application-specific architectural development, Berkeley Lab and IBM have led a collaboration since
2002 that involves extensive interactions between domain scientists, mathematicians, computer experts,
aswell as leading members of IBM’s R&D and product development teams. The goal of this effort isto
change IBM’ s architectural roadmap to improve system balance and to add key architectural features that
address the requirements of demanding |eadership-class applications — ultimately leading to a sustained
Pflop/s system for scientific discovery. The first product of this multi-year effort has been a redesigned
Power5-based HPC system known as Blue Planet [1] and a set of architectural extensions referred to as
ViVA (Virtua Vector Architecture). This collaboration has aready had a dramatic impact on the
architectural design of the ASCI Purple system [2], and has resulted directly in the strong Leadership
Class Systems (LCS-1 and LCS-2) offering presented in this proposal.

Blue Planet design is incorporated into the new generation of IBM Power microprocessors that are the
building blocks of the LCS-1 and LCS-2 configurations. These processors break the memory bandwidth
bottleneck, reversing the recent trend towards architectures poorly balanced for scientific computations.
The Blue Planet design improved the origina power roadmap in several key respects. dramatically
improved memory bandwidth; 70% reduction in memory latency; eight-fold improvement in interconnect
bandwidth per processor; and ViVA Virtua Processor extensions, which allow all eight processors within
anode to be effectively utilized as asingle virtua processor.

The approach described in this proposa — a two-stage deployment of a Leadership Class System,
LCS1 and LCS-2 — is a continuation of the work that started in the Blue Planet initiative. We will
expand upon this successful collaborative effort, starting with the baseline configurations discussed below
and in Appendix A. The purpose of this collaborative approach is not just to produce the most effective
scientific computing platform in the LCS-2 timeframe, but also to begin moving on a longer-term
roadmap towards successful Pflop/s computing.

3.1 Building on the Blue Planet Collaboration: Addressing the
Memory Bandwidth Bottleneck

We propose to continue and expand the Blue Planet process to develop further improvements to the
LCS-2 system and beyond. This continued collaboration will lead to a set of enhancements known as
ViVA-2. Leadership Computing Consortium (LCC) partners, including the science application
collaborators, will participate in the system design and refinement process. We will hold quarterly
meetings to review progress, create ideas, and refine the design decisions. These meetings will integrate
application scientists, system designers, HPC performance experts, and computer scientists. This
community approach of directly engaging vendors in the collaborative process of designing leadership
HPC systems was laid out by the High End Computing Revitalization Task Force (HECRTF) [3] and the
DOE SCaleS Workshop [4], and demonstrated successfully by the Earth Simulator, initial Blue Planet
effort, and Red Storm effort [5].

There is an opportunity to incorporate the ViVA-2 scientific enhancement technology into future
Power processor design. During FY04 and FY05, IBM and the LCC partners will evaluate various
enhancements to the LCS-2 processor, node, and interconnect design, including assisted processing
capabilities and their impact on the associated components (e.g., compilers, libraries, tools, etc.). The
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LCC will advise IBM on how to incorporate the resulting technology into LCS-2 and subsequent systems,
to maximize its impact on scientific discovery. Thus, the LCS-2 system described in this document should
be considered a minimum base from which improvements will evolve.

IBM’s willingness to work with Berkeley Lab (see letter by IBM in Appendix D) to develop
modifications to its hardware that further enhance performance of scientific applications clearly
demonstrates their commitment to scientific computing and the importance of the IBM’s partnership with
the computational science community. IBM is the only company that both demonstrates a clear
commitment to make such deep changes to their design and offers the immense resources required to
meet those commitments.

ViVA Design Targets

ViVA and ViVA-2 are specialized enhancements to the Power architecture designed to significantly
improve sustained performance on a wide range of scientific applications. ViV A is a compiler-supported
programming model that combines processors to form more powerful virtual processors by making use of
fast barrier synchronization technology available in Power5 and Power6 processors. ViVA will be
available on both the LCS-1 and LCS-2 systems.

ViVA-2 is envisioned as a set of extensions to the Power6 architecture that will accelerate scientific
applications by supporting deeper pipelining of memory requests in order to hide memory latencies.
These extensions will improve the efficiency of memory accesses on both vectorizable and non-
vectorizable codes. ViVA-2 is superior to strictly vector designs because it offers the flexibility of
achieving high performance on non-vectorizable agorithms using state-of -the-art superscalar technology,
while efficiently processing data-parallel code segments that are amenable to vectorization. These
enhancements address a variety of scaar memory performance degradations often attributed to
irregularities in the data-access patterns. Examples include ineffective hardware prefetching, load/store
instruction issue-rate limitations, and wasted bandwidth due to partially used cache lines.

3.2 Leadership Computing Systems (LCS)

Our god is to build an architecture balanced for |eadership-class science requirements as described
above in Section 2, which presents the computational science applications that will be of critica
importance to U.S. scientific leadership in 2007 and are able to take advantage of an ultra-scale
computing system.

The key science requirements for leadership class computing can be distilled into three main system
features: processor performance, interconnect performance, and software. Processors should have
excellent sustained single-node performance across the spectrum of applications. The interconnect should
provide high per-link performance (both latency and bandwidth) as well as high bisection bandwidth.
Effective system utilization requires proven system software scalability and optimized numerical libraries.

The goa of NFACS is to enable new science discoveries. Implicit in this is a requirement for real
working systems. Our plans take into account both credibility and risk in vendor roadmaps. As part of its
management of NERSC, Berkeley Lab recently released a request for information (RFI) to the entire high
performance computing and storage industry. The RFI went to over 40 high-end computing vendors.

From an analysis of the responses, we concluded that there are only two U.S. vendors with a credible
roadmap to provide leadership-class computing capability in the 2007 time frame: IBM (Power6) and
Cray (vector systems). Other vendors have competitive offerings at smaller scales, but not for the largest
system scales. Additionally, software for cluster architectures is not sufficiently robust at this time to
effectively manage a leadership-scale system.

After analyzing the latest system architecture and pricing information from IBM and Cray, we
concluded that the IBM solution will ultimately be the best way to meet needs for a leadership class
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system in 2007. This architectural approach achieves the highest sustained performance across a broad
range of key scientific applications for the lowest cost. The IBM solution builds upon a stable foundation
of technology development, whereas the technical discontinuities in the Cray roadmap create high risk to
both schedule and performance.

We have had access to an early Power5 system to run benchmarks and validate our assumptions about
the ability of this processor to sustain a relatively high percentage of peak performance. Our tests
confirmed that the Power5 will sustain high performance. Details of the technical rationale and
benchmark results are discussed in Appendix C.

We propose a two-phased approach — LCS-1 and LCS-2 — to achieve a Leadership Class System in
2007 with a sustained performance of 50 Tflop/s. LCS-1 will be ingtalled in June 2005. LCS-2 will be
installed in November 2007. For the complete schedule, see Appendix A.

LCS-1

LCS-1 is a Powerb system with eight single-core CPUs per node and 512 nodes (4,096 CPUs). The
CPUs run at 1.9 GHz (7.6 Gigaflop/s peak). The system will feature more than 31 Tflop/s peak and 6
Tflop/s average sustained performance. The system will have 16 terabytes (TB) of main memory and 500
TB of disk (Appendix B). The interconnect will be IBM’s high performance Federation switch. It is
expected that average application performance will be 20% of peak, with several key applications well
above that range. Key innovations in the Power5 architecture that alow it to obtain a much higher
percentage of peak performance than its predecessors, such as the Power4, include:

High-memory bandwidth per processor, incduding a memory architecture that achieves 2.5
bytes/flop, comparable to vector architectures.

“Single core” node design. IBM’s original roadmap called for two processor cores on a single
chip to share the same memory system. Going to a single core design dfectively doubles the
memory bandwidth per processor.

Small node design. With eight-processor nodes, it is possible to put the processors closer to
memory, reducing memory latency. Furthermore, by reducing the number of processors per node,
effective network bandwidth per processor exceeds IBM’ s original 32- or 64-way SMP roadmap.

ViVA Virtual Processing that allows the eight processors in a node to be treated as a single
processor with pesk performance of 64 Gigaflop/s. Codes that benefit from Cray X1
multistreaming, for example, will directly benefit from ViVA capabilities. See Appendix A for
more details.

The LCS-1 network will be based on IBM’s “Federation” interconnect. Two “planes’ of this network
will provide 8 GB/s of bidirectional bandwidth per node, or 1 GB/s per processor. Federation topology is
a modified fat-tree that provides full-bisection bandwidth. Unlike systems that employ mesh and torus
networks, the fat-tree network allows any processor to communicate with any other processor in the
system free of bandwidth contention. This offers the most flexibility and the highest performance of any
comparable system, resulting in a gross bisection bandwidth of 4 TB/sfor LCS-1.

The global file system on the LCS systems will be IBM’s General Parallel File System (GPFS), a
mature paralel file system that provides excellent performance and functionality. GPFS is the only
parale file system that has been demonstrated to support a diverse scientific parallel workload at the
scale of the LCS systems.

A robust software environment is a critical component of a leadership architecture. System software
on the LCS systems will be an improved version of IBM’s current SP system software, which powers
one-third of the Top 500 computers in the world and is the result of thousands of person years of effort.
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IBM’s SP software has proven its robustness and reliability at NERSC by consistently enabling utilization
of 90 to 95% of available computational resources.

LCS systems will have optimized mathematical and scientific libraries, including ESSL, MASS, and
FFTW. Many codes poised to run at this scale depend on the availability of such libraries to extract
maximum performance from the architecture.

LCS-2

LCS-2 is a Power6 system with eight single-core CPUs per node, running at 5 GHz (20 Gigaflop/s). It
has 1,312 nodes, for atota of 10,496 processors, with atotal of 42 TB of main memory and 1.6 petabytes
(PB) of shared global disk. The system will feature 210 Tflop/s peak and 50 Tflop/s average sustained
performance. The Power6-based LCS-2 system will have an impressive memory performance of 3.75
bytes/flop (75 GB/s per processor), allowing increased sustained performance across a broad spectrum of
leading scientific applications.

The LCS-2 network will be based on InfiniBand (1B) technology, an emerging industry standard that
can be scaled to very high datarates. The LCS-2 network will either be asingle plane of 1B 12x quad data
rate, or two planes of IB 12x dual data rate, in either case providing approximately 24 GB/s of bi-
directional bandwidth per node, or 3 GB/s per processor. The aggregate bandwidth of the full bisection
network achieves 31.5 TB/s, alowing for efficient execution of large-scale applications with global
communication requirements.

LCS-2 will have the same basic file system and software as LCS-1, with improvements.

LCS-2 Refinements and Beyond

The ViVA-2 extensions being studied for LCS-2 are intended to benefit scientific codes that are
characterized by the kind of predictable data paradlelism that is typicaly associated with vector
processing. Since the superscalar core performs al computations on operands fetched by ViVA-2, its
advantages are available even for non-vectorizable algorithms. The LCC will investigate design tradeoffs
in collaboration with IBM and define the fina ViVA-2 architecture.

Additionally, IBM is developing custom hardware accelerators in the network adaptors (HCA) to
efficiently support collective operations and global barrier synchronizations in the LCS-2 timeframe,
specificaly for leadership-class architectures. Specialized hardware support for global operations would
result in significant reduction in latency overhead. These interconnect enhancements alow the LCS-2 to
efficiently handle state-of -the-art scientific applications with fast global synchronization requirements, in
ascalable fashion.

Based on the expertise gained from LCS-2 system design, and the extensive application knowledge
represented by the application partners, we will leverage the collaborative effort to assess the most
effective and timely system options for a sustained Pflop/s system. IBM currently has the most diverse
HPC research portfolio of any company in the world, including: BlueGene/L, DARPA HPCS PERCS,
“cell” microprocessor technology, and Osmosis optical interconnect. The current roadmap, which is from
IBM’s RFI responsg, is described in Appendix B and depicted in Figure 1. The LCC will be involved
early in this process in order to drive IBM and the community to an effective Pflop/s design for state-of -
the-art scientific applications.
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Figure 1. Science-driven architecture advancements.

4. THE BERKELEY LAB ADVANTAGE

Berkeley Laboratory enjoys an open and unrestricted intellectua environment that is easily accessible
to scientists and visitors worldwide. Berkeley Lab is located in the heart of the San Francisco Bay Area,
which is home to a large number of universities, laboratories, mgor facilities, and a vibrant scientific and
research community. The Bay Area offers the critical mass of resources and intellectual leadership
necessary to assemble an ingtitution of international prominence like NFACS.

4.1 Berkeley Lab’s Experience Managing National User Facilities

Berkeley Lab has been aleader in science and engineering research for more than 70 years. Located
adjacent to the Berkeley campus of the University of California, Berkeley Lab is a DOE Nationa
Laboratory managed by the University of California. Many of its scientific staff hold joint faculty
appointments with the University.

Berkeley Lab conducts only unclassified research across a wide range of scientific disciplines with
key efforts in fundamental studies of the universe; quantitative biology; nanoscience; new energy systems
and environmental solutions; and the use of integrated computing as atool for discovery. In addition to its
17 scientific divisions, Berkeley Lab hosts four DOE nationa user facilities. The focus of Berkeley Lab in
managing these large, leading-edge scientific facilitiesis to provide the best resource, service, and support
to the genera scientific community, both university and national laboratory based. Berkeley Lab will
draw on this extensive experience to manage NFACS.

The user facilities at Berkeley Lab support thousands of users throughout the country. In addition to
the Advanced Light Source (athird-generation synchrotron light source), the National Center for Electron
Microscopy, and the Molecular Foundry (under construction but with an initia research/outreach
program), Berkeley Lab manages two networking and computational facilities directly applicable to the
management of the Leadership Class Computationa Facility.
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The Energy Sciences Network, or ESnet, is a high-speed network serving thousands of DOE
scientists and collaborators worldwide. A pioneer in providing high-bandwidth, reliable connections,
ESnet enables researchers at national laboratories, universities, and other ingtitutions, both nationally and
internationally, to communicate with each other using the collaborative capabilities needed to address
some of the world’s most important scientific challenges. Managed and operated by Berkeley Lab, ESnet
provides direct connections to all mgjor DOE sites with high performance speeds, multiple high-speed
cross-connection with Internet2/Abilene and the major European and Japanese research and education
network, as well as fast interconnections to more than 100 other networks to provide global connectivity.

Berkeley Lab also manages the National Energy Research Scientific Computing (NERSC) Center, a
world leader in accelerating scientific discovery through computation. NERSC provides high-
performance computing tools and expertise that enable computational science of scale, in which large,
interdisciplinary teams of scientists attack fundamenta problems in science and engineering that require
massive calculations and have broad scientific and economic impacts. NERSC is the foremost resource
for large-scale computation within DOE’s Office of Science. NERSC has built an impressive record of
technologica leadership, unparaleled user support, and scientific achievement. Since its early days,
institutions across the country and around the world have tapped NERSC's expertise and followed its
model as they work to establish their own scientific computing centers.

4.2 NERSC: A Proven Track Record Delivering High-End Computing
to the National Community

NERSC is the premier open and unclassified computing facility for the Office of Science. Operating
the NERSC Center has enabled Berkeley Lab to acquire unsurpassed expertise in operating large
computational and storage systems, integrating them into high-speed networks, and providing
comprehensive scientific support that enables researchers to make the most productive use of these
resources. NERSC supports more than 2,000 users nationally and internationally. Over 50% of the users
are from universities. NERSC's success is measured by the scientific productivity of its users." Its staff
and management are adept at balancing and satisfying the diverse needs of researchers within the
constraints imposed by programmatic missions, goals, and requirements. NERSC is known worldwide for
the quality of its computing services. Berkeley Lab intends to leverage this expertise and infrastructure to
the maximum extent possible.

Normally, staffing afacility like NFACS from scratch requires 45 to 60 people. However, because of
heavy leveraging of NERSC infrastructure and expertise, NFACS will use just 13 staff for direct support
of LCS — only 20% of what is needed for a separate facility. The details of the leveraging are in
Appendix F.

NERSC's user services and scientific support are highly regarded. NERSC provides a 24 by 7 help
desk where it is possible for a user to talk to NERSC staff. They aso produce leading-edge training and
state-of -the-art documentation for NERSC systems. The NERSC support staff provides specialized
sarvices ranging from supporting unique software needs, to specia processing and scheduling, to long-
term collaborative interaction in order to build and optimize science codes. The support staff are highly
trained (most are Ph.D.s), not just in computational methods but also in scientific disciplines.

NERSC has a sophisticated account management and allocation management system that has
automated many routine tasks. It gives instantaneous access to usage data, not just for users and Pls but
for DOE program managers.

! For 96 pages of citations of publications resulting from computations at NERSC in 2003, see
http://www.nersc.gov/research/ERCA Ppubs03.htm.
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NERSC proactively engages with the user community through the NERSC User Group, which meets
monthly by phone and semi-annually face to face. NERSC also measures a number of quality metrics
ranging from typical reliability/availability/serviceability measures to job throughput, system efficiency,
and responsiveness solving problems reported by users. The most telling evidence is the annual NERSC
User Survey that assesses user satisfaction.? One user characterized the quality of NERSC as follows:

“NERSC simply is the best-run centralized computer center on the planet. | have interacted with
many central computer centers and none are as responsive, have people with the technical
knowledge available to answer questions, and have the systenv/software as well configured as
doesNERSC.” —2003 NERSC User Survey Respondent

4.3 Intellectual Resources

Berkeley Lab: A Proven Track Record in Computational Science and Computer
Science

NFACS will directly benefit from the pool of talent available in the two research departments of the
Computational Research Division at Berkeley Lab. There are aso increased opportunities for technology
transfer from other DOE/OASCR-funded projects elsewhere at Berkeley Lab, especially the Scientific
Discovery through Advanced Computing (SciDAC) programs led by Berkeley Lab Pls.

The High Performance Computing Resear ch Department (HPCRD) addresses long-term
research and development questions in HPC. With more than 125 staff and expertise in computer
science, computational science, and applied mathematics, HPCRD can provide additional
resources and talent for the advanced development needs of NFACS and for focused high-end
support of the application areas.

The Distributed Systems Department (DSD) focuses on issues in distributed computing, Grid
technologies, networking research, collaborative tools, and security. With more than 25 staff,
DSD develops and prototypes technologies and testbeds to facilitate solving scientific problems
that require complex and large-scale computing and data handling environments involving
geographically and organizationally dispersed components. DSD can provide additional resources
and talent for enabling the distributed infrastructure for NFACS applications areas.

SciDAC Centers: Berkeley Lab isthe leader of four SciDAC centers and eighteen SciDAC
projects. NFACS will leverage the activities of these projects, in particular the APDEC and PERC
Integrated Software Infrastructure Centers.

The University of Cadifornia reinvests the laboratory management fee in projects that foster
collaborations between the laboratories and campuses. NFACS has access to these funds in support of the
LCC collaborations. We anticipate at |east one FTE will be supported by those funds.

University of California, Berkeley

Berkeley Lab's location, only a short walk or shuttle bus ride away from the campus of the University
of Cdlifornia at Berkeley (UC Berkeley), facilitates numerous forma and informal collaborations.
Currently, there are seven joint appointments of faculty from the EECS and Math Departments at UC
Berkeley with Berkeley Lab Computing Sciences: David Culler, James Demmel, Susan Graham, Ming
Gu, Arie Segev, Jonathan Shewchuck, and Katherine Ydick. Jm Demmel is aso the Chief Scientist for
the Center for Information Technology Research in the Interest of Society (CITRIS), afour campus, 200+
faculty research ingtitute centered at Berkeley. The combination of NFACS facilities and Berkeley Lab
and campus computing efforts creates a vibrant community for cross-institution and cross-discipline

2 For the latest survey results, see http://hpcf.nersc.gov/about/survey/2003/.
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efforts in research in agorithms, architectures, and applications, and in training of future computational
scientists (for details see Appendix D).

Katherine Y elick leads the Berkeley Unified Parallel C (UPC) team, a collaborative effort centered at
Berkeley Lab, which is working to produce more efficient and productive programming models. Yelick is
also working with Berkeley Lab scientists on the evauation of advanced architectures for scientific
computing, including processor-in-memory, streams, VLIW, and vectors. This architecture evaluation
team worked closely with IBM in the early stages of ViVA design to understand the lenefits and
limitations of vectors, and what type of memory system was needed to support the more challenging DOE
applications. The close research interactions between the UC Berkeley campus and Berkeley Lab have
had tremendous impact on DOE science and technology devel opment thus far. Locating NFACS in close
proximity to these intellectual resources will ensure that these benefits are conferred to the national user
community.

4.4 Infrastructure and Capabilities

Networking

Berkeley Lab and NERSC are located near the primary switching point for national networks in
Northern California at Sunnyvale — home to both the Qwest and Level3 networking hubs. The Qwest
hub is the transit point for the backbones of maor production networks such as DOE's ESnet, NSF's
Abilene, NASA’s NREN, and the NSF TeraGrid, while the Level3 hub carries experimental dark-fiber
networks such as the National Lambda Rail, the DOE Ultranet, and the CENIC/Pecific Light Rail. The
proximity allows NFACS easy and cost-effective access to each of these networks. In order to promote
interaction with and outreach to scientists in industry, academia, and other federa programs, Berkeley
Lab will work closely with ESnet to create network peering arrangements that will maximize the effective
remote access to NFACS users regardless of their institutiona affiliation and facility location.

In order to ensure the highest performance network access to NFACS, Berkeley Lab will immediately
upgrade its connection with Sunnyvae to OC-192 so as to match the existing backbone bandwidth of the
ESnet and Abilene production networks. In order to provide more effective access to the NSF user
community, ESnet and Abilene are implementing high-speed peering between their networks at each of
these co-located hubs at @innyvale, Chicago, New York, and Atlanta to create a common network
backplane that provides very high-speed connectivity between the labs and universities, comparable to
what either backbone aone can provide among their primary sites. In addition to its support of production
network infrastructure, the NFACS system will tie in to major experimental and dark fiber networks, such
as the TeraGrid, DOE Ultranet, and National Lambda Rail, in order to add its capabilities to a vibrant
research community that combines sensors, archival data, and supercomputers to accomplish large
multidisciplinary scientific projects. These upgrades coincide with Berkeley Lab's migration to a 10
Gigabit interna network infrastructure, which is aready under way. Both the upgraded interna network
and wide area network infrastructure will be immediately available to the first generation NFACS system
and will continue to be expanded to match the scale of successive systems and continuously match the
performance improvements of the production network backbones.

In the first year of NFACS operation, ESnet will deploy an MPLS-based QoS service that operates
initially between ESnet border routers which will be expanded within 2 years to alow dynamic
provisioning of circuits across both Abilene and ESnet as envisioned by the Internet2 Hybrid Optical/
Packet Infrastructure (HOPI) working group. These “bandwidth corridors’ will support NFACS global
file system (WAN GPFS) and storage peering arrangements between other laboratories and Leadership
Computing Consortium Partners such as the National Science Foundation's Partnership for Advanced
Computational Infrastructure (NSF-PACI) supercomputing centers in order to support our vision of a
nationwide supercomputing infrastructure.
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Systems Management

The NFACS management team will draw on the expertise of NERSC, and then customize the support
model for the LCS systems to be more tightly integrated with the selected science projects. NERSC
already manages three distinct systems with different user communities and requirements.

The LCS systems will be operated in a dynamic manner in close collaboration with the users. NFACS
expects to support approximately 20 projects. NFACS will provide a custom and flexible environment
that supports the unique requirements of each project — not just for system management but for al
support functions. For example, libraries and middleware will be selected and ingtdled in close
collaboration with the projects. Users will be able to request to use large amounts of the resource
interactively for debugging and computational steering. At times, it will be possible for a user to be given
the entire system in a dedicated manner. Because there is a smaller, more manageable set of projects,
NFACS staff will be able to coordinate the system scheduling to meet computationa science project goals
in a custom manner.

NFACS will involve users in the discussion of system management changes — in particular queuing,
priorities, and disk-space management — through the monthly conference calls. The Leadership
Computing Applications Team (LCAT) points of contact will be the advocates for the computational
science applications areas and will communicate their requirements.

Data Storage and Archives

NERSC' s High Performance Storage System (HPSS) has enough capacity to serve both NERSC and
NFACS clients. NERSC currently stores approximately 1,050 TB of data (30 million files) and handles
between 3 and 6 TB of 1/0O per day. The current maximum capacity of NERSC'’s archive is 8.8 PB at
current tape densities; the buffer (disk) cache is 35 TB; and the maximum transfer rate is 2.8 GB/s.
NFACS will require large amounts of archival storage and will invest in new tape technology. For LCS-1,
500 GB tape drives and cartridges will be added to the NERSC HPSS, giving a total maximum capacity
of 4.5 PB just for LCS-1. For LCS-2, 1 TB cartridges will be deployed, adding 5 PB ayear (10 PB total
for the time period of the proposal) to the potential NFACS storage capability, for a total of 15 PB of

storage.

The NFACS HPSS will be federated with archival storage systems (both HPSS and Unitree) across
all sitesinvolved in the LCC. Users of the LCS systems will have equal access to archival data across
NFACS, NERSC, and NSF-PACI facilities through the LCC storage federation. Close coordination of
certificate management between DOE Science Grid, TeraGrid, and NSF-PACI sites will enable single-
sign-on access across facilities and seamless transfer of data between archival storage systems. Also, the
“bandwidth corridors’ described above will support dedicated high-speed data transfers between the sites
for efficient mirroring and staging of massive datasets between their respective storage systems.

In addition to archival storage systems, NFACS will be part of awide-area shared file system that
will link together all LCC partner sites including the NSF-PACI supercomputing centers, NERSC, and
Louisiana State University (LSU). The file system will be based initialy on WAN GPFS, which is being
developed through a partnership between IBM Research and the San Diego Supercomputer Center
(SDSC), and will be usable across both Linux and 1BM-SP supercomputing infrastructure at LCC partner
sites. In demonstrations conducted by SDSC this past year, GPFS sustained well over 900 MB/s over a
wide-area 10 Gigabit link. The shared file system will enable more flexible migration between the
systems for users who have shared accounts and will help the LCC consortium form a well-integrated
computing environment that better serves a nationa scientific user community

Grids

As the home of ESnet and NERSC, the lead site for the DOE Science Grid, and one of the original six
development sites for the HPSS, Berkeley Lab has already made significant progress in integrating high-

13



Use or disclosure of information contained on this page is subject to the restrictions on the title page of this proposal.

end computing, storage, and data management into the Grid environment. We will do the same for

NFACS, thereby facilitating large-scale science for DOE and the nation. NERSC has established ties with
all magor Grid effortsin DOE and NSF and is closaly collaborating with the DOE Science Grid and al its
partners. The NFACS center staff will leverage the NERSC Center staff’s broad experience with Grid
software and services. We will work in close coordination with the LCC members to establish the peering
of Certificate Authorities and trust relationships necessary to support coordinated access to Grid services.
An interface to the NERSC Information Management (NIM) system will make it easy for NFACS users
to get Grid authentication certificates. Coordinated management of Grid certificates will support single-
sgn-on access to Grid services across al LCC partner sites including the NSF-PACI centers, NERSC,

and the TeraGrid Consortium.

Visualization and Data Analysis

High-end visualization and data analysis tools will be essentia to turn raw simulation data into
scientific discoveries. NFACS will work closely with its LCC partners to apply technologies developed
across the codition and make them available to the user community. In particular, we will work closdly
with LLNL to share, test, debug, and deploy the latest ASCI tools for visudization of massive datasets,
including commercial technologies that offer new levels of graphics performance, the LLNL/Stanford-
developed distributed parallel rendering software (Chromium), and proven paralel, scaable end-user
applications (like VISIT and Blockbuster movie player), and the Terascale Browser. The Berkeley
Lab/NERSC visualization group will aso provide LCS users and LCC members with access to the
VisPortal, which automates complex workflows like the distributed generation of MPEG movies or
scheduling of file transfers, mediates access to limited hardware resources like off-screen graphics pipes,
and controls the launching of complex multicomponent distributed visudization applications like
Berkeley Lab's Visapult — an application used for remote and distributed, high performance interactive
volume rendering of massive remotely located datasets. All of these tools will be tightly coupled with the
high-speed networks, coordinated Grid services, storage federation, and WAN GPFS capabilities
deployed across the LCC sites. This powerful set of tools and services will enable LCS users across the
nation to rapidly understand the enormous amount of data they generate at NFACS. Without tools of this
caliber and computer scientists available to support these tools, the huge data generation engines that
NFACS will be deploying would be less useful.

Security

As an unclassified facility, Berkeley Lab makes its facilities available for use by investigators from
institutions throughout the nation and the world. To sustain its scientific mission, Berkeley Lab protects
its resources and assets, both intellectual and material. Only necessary technical staff have access to
computer rooms and computer facilities. The genera staff and the public do not have physical access to
these computer resources. All Laboratory assets are tracked and protected by Laboratory security
services. NFACS users will access the system remotely, subject to all Berkeley Lab cyber security
policies, controls, and restrictions.

Berkeley Lab and NERSC have an outstanding security record and are recognized as leaders in cyber
security within the DOE and beyond. This expertise will make NFACS both secure and easily accessible.
In order to maximize our ability to conduct science and mitigate the effects of computer security
incidents, the Laboratory provides non-invasive advanced monitoring and automatic reactive tools using
components that are embedded in the network as well as in every computational and storage system.
Berkeley Lab's active security infrastructure is able to detect cyber attacks, detect vulnerable or
compromised hosts, and initiate a large-scale coordinated response to cyber-security incidents without
resorting to methods that impede legitimate system access. For example, firewalls are creating significant
roadblocks to pervasive deployment of Grids. Berkeley Lab's active intrusion detection system offers a
compelling alternative to standard firewalls as a means to defend against cyber attacks. DOE is funding
efforts to extend this system to sites other than Berkeley Lab. The Laboratory will continue to use and
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improve these advanced monitoring tools to provide NFACS with the best level of security with minimal
impact on performance and function.

4.5 Building and Physical Infrastructure

Berkdey Lab’'s Oakland Scientific Facility (OSF) includes a 20,000-square-foot computer floor.
Currently, there are 5,000 square feet of computer floor available for an additional system. The LCS-1,
described in this proposal, will require 2,400 net square feet and will readily fit in the existing OSF.

The follow-on system, LCS-2, will be housed in a new dedicated computer building in the center of
the Berkeley Lab campus on a deared Site adjacent to the Bevatron, whose external beam hall was
recently demolished. The 20,000-gross-square-foot building will contain a computer room and utility
support space. This cleared site also provides for the ability to expand into a second adacent 20,000
square feet of computer floor, yielding a 40,000-square-foot computer complex. Site plans and conceptual
building renditions are shown in Appendix E.

Recently, the DOE has encouraged third-party financing approaches to facilities construction, and
these approaches will enable Berkeley Lab to provide the requisite NFACS building to accept delivery of
LCS-2. Because Berkeley Lab is located on University of California-owned land, this process is actually
less complicated for Berkeley Lab than for those national laboratories situated on federa land, which
must be transferred via a quitclaim deed to a development entity. The University can simply enter into a
long-term ground lease with a developer at a nominal cost. When the building is complete, DOE can
approve a UC lease of the facility a year at a time over the life of the building. Berkeley Lab and the
University are currently developing a research office building on the main Lab campus, targeted for
completion in 2006, through a third-party development. The experience and knowledge gained from this
procurement give us every confidence that the NFACS building can be completed on time.

The contingency plan for housing LCS-1 and LCS-2 is expansion of the OSF to gain another 20,000
square feet. The OSF was designed for such a contingency, which can be exercised in time for LCS-2.

Berkeley Lab, therefore, has existing and committed space for NFACS.

5 BUILDING A NATIONAL LEADERSHIP COMPUTING
CONSORTIUM

As potentialy the largest open computing resource in the nation, NFACS will provide leadership-
class computing capability to scientists and engineers nationwide, independent of their ingtitutiona
afiliation or source of funding. Berkeley Lab has therefore established a national Leadership Computing
Consortium (LCC) comprising some of the leading high-end computing centers of the nation, including
the NSF-PACI supercomputing centers.

LCC has two functions;

Technology development: LCC will be the main vehicle for implementing the science-driven
architecture development. LCC will engage the major vendor partner, IBM, in an ongoing
diaogue of science-driven architecture devel opment.

National facility operations: LCC will be the vehicle to establish close connections and strategic
collaborations with computer science programs and facilities funded by the DOE Office of

Science (SC), the National Nuclear Security Administration (NNSA), NSF, and NASA, aswell as
universities.

Berkeley Lab and the NSF-PACI sites, along with large university computing facilities such as the
Louisiana State University Center for Computation and Technology, will forge a close-knit relationship,
ensuring that the NSF user community has unencumbered access to NFACS. Recognizing that the typica
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workload on a supercomputer follows a mwer-law-like curve of job sizes in order to satisfy users

development, data analysis, and post-processing needs, LCC members will establish a national computing
fabric that will lower barriers to user migration and resource sharing between computing facilities. In
particular, LCC sites will define systems that support coordinated access to accounts, federate archival
storage devices across sites, establish a federated paralle file system (WAN-GPFS) that spans the U.S,,
and tie all of these services together with high performance network services to move data between all of
these components. NFACS will provide funds to establish these working relationships. The goal is
seamless migration across the U.S. computationa infrastructure. LCC sites will aso collaborate to jointly
develop system documentation, mutual training, and support mechanisms, to conduct detailed
performance analysis of applications, and to contribute to the direction of future systems devel opment,
drawing on their years of combined experience supporting a national user community. This collaboration
will greatly reduce duplication of effort and free up resources to ensure that the U.S. supercomputing
infrastructure will provide the highest quality platform for advanced scientific applications.

Initial LCC members are listed below. This list is by no means final, and new members will be
invited to join as opportunities for collaborations arise in the future. In particular, we will encourage all
DOE-SC laboratories to join the LCC. Similarly, the LCC is open to other vendor partners in addition to
IBM. The envisoned national computing fabric will lay the foundation for continued U.S. scientific
preeminence.

5.1 Charter Members of the LCC

The charter members of the LCC are listed below. Their initial contributions to and collaborations
with NFACS are discussed in Appendix D.

IBM (Vendor Partner)

Lawrence Livermore Nationa Laboratory (LLNL)

NSF-PACI: Nationa Center for Supercomputing Applications (NCSA) and San Diego
Supercomputing Center (SDSC)

Argonne National Laboratory (ANL)

Nationa Center for Atmospheric Research (NCAR)

NSF TeraGrid

Louisiana State University Center for Computing and Technology (LSU-CCT)

NASA Goddard Space Flight Center (GSFC)

Pacific Northwest National Laboratory (PNNL)

Membership in the LCC is open to the computational science community, and charter members
obtain no privileges not available to others who may wish to join later.

5.2 Leadership Computing Applications Teams (LCATS)

NFACS has identified five computationa science applications areas that will require a leadership-
class computing capability to make mgjor computational advances. nanoscience, combustion, fusion,
climate, and astrophysics. In each of these applications, project teams have been assembled who will
collaborate with NFACS to accomplish their computational goals. These projects include a total of 21
research groups from 17 different universities and research laboratories. (See Appendix D for a complete
list.) There is no promise of any privileged access to these applications scientists, and a competitive, peer-
reviewed access and use process will be used (see section 6.4).

NFACS will interface with the applications areas in severa ways. One NFACS staff computational
scientist will be assigned to each of the applications areas as point of contact (POC, see Appendix H). The
POC will develop a deep understanding of the algorithmic techniques and computational requirements of
the applications areas and will communicate these to NFACS and to the vendor partner in the quarterly
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NFACS progress meetings. This input from the science community is an important element in the process
of driving future technology developments.

5.3 Communications and Outreach

NFACS, as potentidly the largest open computing resource in the nation, has developed
collaborations with computational scientists in universities, research labs, and industry. In order to
maximize the dissemination of information, and to promote and support computational science and
computer technology for highrend computing, NFACS has far-reaching plans for collaborations, outreach,
and dialogue with stakeholders. In the areas of technology development, NFACS will engage its major
vendor partner, IBM, in an ongoing dialogue of science-driven architecture development. The LCC will
build on close connections and strategic collaborations with computer science programs and facilities
funded by DOE-SC, DOE-NNSA, NSF, and NASA, as well as universities.

The following events will facilitate this outreach:

1. Monthly meeting/conference call with LCATs. Leadership applications teams will hold a monthly
conference call with NFACS staff to discuss operational issues, progress towards system and software
deliverables, applications porting and performance issues, etc.

2. Quarterly progress meetings. NFACS saff, LCC members, the vendor partner, and LCAT
representatives will meet quarterly to report on progress with their tasks. The quarterly progress
meeting will also serve as the main communication mechanism for the implementation of the science-
driven architecture development.

3. Annual “all-hands’ meeting. NFACS will organize an annua event that will be open to al
stakeholders and the community at large. It will include scientific presentations from LCAT
members, updates from the vendor partner, and computer science and technology presentations from
the LCC members and NFACS staff.

4. Workshops and planning meetings. As new and important topics arise, NFACS will hold workshops
and planning meetings for interested stakeholders.

5.4 NFACS Education and Workforce Development

NFACS will develop aleadership computing community through integrated educational and training
components that build skilled computational scientists, with a focus on graduate and undergraduate
students. Outreach to underrepresented students will be integral to building the educationa pipeline. The
education program will include:

Seminars on leadership computing capabilities targeted to specific research topics
Short courses on specific computationa topics

Consulting services, including course assistance to ensure up-to-date user information
Web site resources with comprehensive technical, information, and course content
Internships available to qualified applicants for summer and semester appointments
Graduate and undergraduate research on al phases of leadership computing

Faculty sabbaticals to update computing courses and curriculum

A key benefit of the NFACS Consortium is the combined educational resources of members, such as
the internationally recognized education program in computing science and applied and computational
mathematics at UC Berkeley. The NFACS ties to the NSF-PACI supercomputing centers (SDSC and
NCSA) and the NSF TeraGrid consortium bring nationa university educational resources to bear on
training and future workforce development. NFACS will provide training and internships for the DOE
Workforce Development for Teachers and Scientists program.
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6. MANAGEMENT PLAN

NFACS will be managed as a nationa scientific resource with full and complementary support to the
programs of the Office of Science and mission of the U.S. Department of Energy. Facility management
will focus on sound annual planning, cost-effective line management, comprehensive review, and a highly
consultative management advisory framework. The management system will be coupled to the Office of
Science program evauation process for program oversight and Laboratory management. The
management efforts will reinforce the NFACS mission of demonstrating continued U.S. leadership in
computational science through performance at the largest scale of computational problems. NFACS will
be planned and implemented though a Project Management Framework to assure the completion of
facilities components on schedule, scope, and budget in a manner that is consistent with all affected
stakeholders.

6.1 The NFACS Management and Organization

NFACSwill be led by Horst Simon, Associate Laboratory Director for Computing Sciences and High
Performance Computing Facilities (HPCF) Division Director. As NFACS Director, he will be
accountable for al aspects of the NFACS program. The Director will recommend strategic programmeatic
directions and the development of programmatic ties to other laboratories, universities, and industrial
partners, as appropriate. The Director will be responsible for scientific productivity and maintaining the
leadership role of the facility.

Division directors at Berkeley Lab are direct appointees of the Laboratory Director and are members
of the Director’s planning team, participating in the Laboratory’s oversight and review activities. NFACS
will have direct access to the Laboratory Director and high visibility at the Laboratory. The organizational
arrangement for NFACS is similar to that of the Advanced Light Source, the National Center for Electron
Microscopy, the Molecular Foundry, ESnet, and NERSC, the other maor nationa user facilities at
Berkeley Lab.

6.2 Key Technical Personnel

The NFACS Director will be supported by a management team composed of a General Manager, the
LCS Team Leader, the LCS Lead System Anadyst, the LCS Lead Performance Analyst, and the LCS Lead
Scientific Support Analyst. The Leads report to the General Manager and will work with other LCS staff
to carry out their responsibilities.

The General Manager, William Kramer, reporting to the NFACS Director, is accountable for the

NFACS facility, with management responsibility for planning, budgets, enhancements, personnel, vendor
and user relations, physica resources, and program and operational integration.

The LCS Team Leader, William Saphir, reporting to the General Manager, is responsible for the
development, management, and operations of computing, storage, and networking resources, as well as
the support needed by the user community.

The LCS Lead System Analyst, Nicholas Cardo, working with the LCS Team Leader, is responsible
for the deployment, management, and operations of computing resources.

The LCS Lead Performance Anayst, David Skinner, working with the LCS Team Leader, ensures
that NFACS application and systems performance improvements are determined and implemented.

The LCS Lead Scientific Support Analyst, John Shalf, working with the LCS Team Leader, ensures
that NFACS scientific support meets the needs of the user community. He coordinates the Leadership
Computing Application Team points of contact.
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6.3 National Oversight and Policy

The NFACS management will meet with leadership of the Office of Advanced Scientific Computing
Research (OASCR) and with the Mathematics, Information and Computing Scences (MICS) program
management staff. The NFACS management will work with MICS leadership to develop program plans
and budgets and to facilitate periodic OASCR and other nationa reviews of the NFACS program.

The Berkeley Laboratory Director will conduct an annual review of NFACS, which will include an
assessment of NFACS long range planning, staffing, quality of programs and operations execution. The
review will be conducted by the NFACS Policy Board, which will be appointed by the Laboratory
Director in consultation with OASCR. The Board will consist of leading representatives of the high
performance computing community, and will provide advice on strategic issues and policy directions to
both the Laboratory Director and the NFACS Director. The current members of the NERSC Policy Board
(Appendix G) will be invited to serve on the NFACS Policy Board.

6.4 Allocation Review Process

In 2003, DOE initiated a new program entitled Innovative and Novel Computational Impact on
Theory and Experiment (INCITE) at NERSC. INCITE awarded 4.9 million supercomputer processor
hours and corresponding data storage space at NERSC to three computationaly intensive large-scale
research projects, with no requirement of current DOE sponsorship. A peer review process for al
proposals was established, which involved a Web-based proposa submission system, a review panel of
about 50 scientists, and a well-defined process for evaluating both the scientific goals and the
computational methods and techniques of the proposal. The NFACS allocations process will be modeled
after the successful INCITE program, leveraging both infrastructure and the reviewer pool. The existing
Energy Research Computational Application Program (ERCAP) and NERSC Information Management
(NIM) systems will be used to implement the mechanics of the allocation process. ERCAP and NIM will
need only minor modifications to provide a unique “look and feel” for the NFACS systems and users.

7. BUDGET

The budget proposed is called the “Performance Based Profile” since it supports the achievement of
the 50+ Tflop/s sustained performance LCS-2 system. These costs are the “total cost of ownership” for
the five-year life of the project. They include all staffing costs (salary, benefits, burden and support), all
system costs (hardware, software, maintenance, space, procurement burden, and electricity for running
and cooling the system), and the infrastructure to connect LCS systems with the NERSC and Distributed
Terascde Facility (DTF) infrastructure. The budget aso includes $300,000 for fostering collaborations.

The infrastructure to connect the LCS systems to NERSC's infrastructure consists of three magjor
parts:

1. $3.57M for connecting the LCS to the DTF for five years, as discussed above and in Appendix E.
Thiswill provide 30 Gigabits per second transfer over three lambda wavel engths from the LCSto
the DTF hub in Los Angeles.

2. $2.98M to provide archive storage capacity and bandwidth proportional to LCS capabilities. This
is approximately 15 PB of storage by the end of 2008. This leverages HPSS services, software
and caching disk, and provides only the additional tape drive and tapes to hold LCS data.

3. $697,000 to provide 16 10-Gigabit Ethernet interfaces to LCS — a switch and enough network
interfaces for both LCS systems and the storage system. Ten-Gigabit Ethernet aso will connect
LCS to the externa routers for ESnet and DTF.

Table 3 shows the overal costs of the proposal, which totals $151,875,000 — only 22% more than
the minimum budget guidance.
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Figure 2 shows a spending dan without constrained funding. It shows a nortuniform investment
pattern that shifts year to year. Berkeley Laboratory will work with the DOE to judtify a non-uniform
funding profile, use mechanisms to carry over funding, or use lease-to-own arrangements to even out the
cash flow of the solutions. The breakdown of capital-to-operating funding will be set based on the fina
configurations and arrangements.

The budget is flexible, and Berkeley Lab is open to feedback and input. For example, it may be
desirable to have a large LCS-1 system that could be achieved by either adding more funding or
decreasing the size and expense of LCS-2.

Another adjustment isto use a“Budget Based Profile,” which adjusts the size of systems and services
to fit the $25M-a-year profile. This is discussed in Appendix K. This profile provides a 30 Tflop/s
sustained system rather than 50 Tflop/s.

Table 3
Performance Budget Summary
Budget Summary FY 04 FY 05 FY 06 FY 07 FY 08
(dollars in thousands)
Personnel (in Full Time Equivalents, FTE)
Computer Systems Engineer lll (Systems) 3
Computer Systems Engineer lIl (Consultant) 3
Computer Staff Scientist (Scientist area POC) 6
Computer Senior Scientist (Performance) 1
Total FTEs I S I
Staff Costs
Direct Salaries $438.0 $1,367.1 $1,408.2 $1,450.4 $1,493.9
Burdens 616.3 1,923.6 1,981.3 2,040.7 2,101.9] TOTALS
Other Support (Travel, etc) 26.8 82.0 83.7 85.4 87.1] in $(000s)
Total Staff Costs $1,081.1 $3.372.7 $3473.1 $3,576.5 $3,682.9 $15,186.4
R&D Subcontract $50.0 $300.0 $300.0 $300.0 $300.0 $1,250.0
Systems Costs
Computational Investment, Maintenance & Facilities (incl. electricity) $0.0 $37,051.0 $23,712.6 $42,862.5 $24,563.2 $128,189.4
Network 2,870.5 175.9 175.9 175.9 175.9 3,574
Storage 194.3 1,027.7 544.4 876.9 334.9 2,978
LAN 496.8 0.0 0.0 200.0 0.0 697
Total Systems Costs $3,561.6 $38,254.7 $24,433.0 $44,115.4 $25,074.0 $135,438.6
Grand Total $4,692.7 $41,927.4 $28,206.1 $47,991.8 $29,057.0 $151,875.0

Performance Budget Summary

$60,000

$50,000

$40,000

OTotal Systems Costs
$30,000 R&D Subcontract
ETotal Staff Costs

$20,000

Dollars (in Thousands)

$10,000
$0 |:| . . . .
FY 04 FY 05 FY 06 FY 07 FY 08

Fiscal Year

Figure 2. More than 89% of the funding is going to the hardware/software systems.
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APPENDIX A

LCS-1 and LCS-2 System Architecture

This appendix provides a detailed description of the system architecture for Leadership Class Systems
LCS1 and LCS2 as well as an overview of the proposed Virtual Vector Architecture (ViVA)
enhancements.

A.1 IBM Proposed System Design for LCS-1 and LCS-2

On March 31, 2004, IBM submitted the document reproduced on the following pages to support the
Berkeley Laboratory National Facility for Advanced Computational Science (NFACS) proposal to the
Office of Science to supply a leadership-class computing capability system. Over the past five years, IBM
has provided Berkeley Lab and the National Energy Research Scientific Computing Center (NERSC)
with superior large-scale computing resources to support the nation’s gientific discovery efforts. IBM
will continue to be a strong technology partner for the leadership-class computing systems that drive
scientific research and discovery. By working collaboratively, IBM and Berkeley Lab will be able to raise
the threshold of new capabilities to support the research scientific community. We believe the
technol ogies discussed in this response will assure the optimal balance of highly productive systems with
minimal technical and commercia risk.
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The information provided in this document is provided on an AS IS basis without warranty of
any kind. The products and technologies discussed in this document require significant and
challenging future development efforts. IBM cannot guarantee that it will undertake such
development efforts or that such development efforts will be successful. This document is
provided for informational purposes only and does not represent a commitment by IBM to
develop or deliver any of the technologies or products discussed herein. Commitments regarding
the development and delivery of the technologies and product discussed herein, shall be the
subject of a separately executed written agreement agreed to by IBM.
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EXECUTIVE SUMMARY

HiGH END COMPUTING LEADERSHIP

Information technology tools are undergoing significant development in the high end computing
arena. These tools are being advanced to handle the increasing complexity, scale and scope of
challenges across the scientific community. High end computing expands the ability of scientists
and engineers to solve real application problems. Simulations, data collection and data
dissemination have allowed us to better understand the complexities of scientific discovery. IBM
believes that high end computing supports the advancement of science by extending the nation’s
ability to model and predict the environment, by speeding and enhancing the design of new
pharmaceutical drugs, by simulating critical medical procedures, by improving the energy
efficiencies of complex machinery, and much more. IBM believes it is critical for the U.S. to
develop a creative and productive high performance computing environment and strategy to
enable the nation to meet the significant scientific challenges that lie ahead.

IBM believes that leadership in high end computing requires a sustained effort that includes:
1) applying high end computing to solve the nation’s mission critical and computationally
intensive problems; 2) extending the amount of science and engineering that can be supported by
available computational resources; 3) solving industry’s complex problems that enable global
business competitiveness; and 4) developing deep expertise in all parts of the value chain from
technology to algorithms to software optimization and services. Further, we believe that
partnerships between industry, government, and universities provide a solid foundation to
support sound decision-making, yielding the development of short and long term strategies that
will substantially benefit the United States’ leadership in high end computing.

IBM’S HIGH END COMPUTING STRATEGY

Our goal is to enable our customers to solve consistently larger and more complex problems
more quickly and at lower cost. Given that many of the needs to adequately advance scientific
discoveries require unprecedented computational capability, IBM remains committed to reaching
petaflop performance by the end of this decade.

IBM does appreciate, however, that petaflop capacity does not necessarily equate to sustained
application performance in excess of 100Tflops/sec. As such, IBM plans to continue to explore
research and development efforts that pursue the tightly coupled interactions of system design,
programming models, and sustained performance with the application and system development
community. IBM will conduct research to solve the problems encountered when exploiting large
scale parallelism as well as other novel, more revolutionary approaches toward supercomputing.
In addition, the growing complexity of high performance computing systems will very likely
make many autonomic computing features (e.g, self-configuring, self-healing, self-optimizing,
and self-protecting) a necessary and critical part of future systems. We plan to continue to
develop and deploy leading edge autonomic capabilities in our computers.
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Over the past decade, IBM has demonstrated continued success in the high end computing
marketplace as a result of our sustainable strategies, products and partnerships. We plan to build
upon this success by maintaining our industry leadership position in superscalar, multiprocessor,
and parallel designs and by sustaining incremental technology improvements in both hardware
and software that will drive both total system performance and system efficiency. IBM plans to
continue the advancement of high performance computing systems that will provide the requisite
leadership-class computing capabilities to further enable breakthrough scientific discovery
within the United States. Likewise, we plan to continue to partner with the federal government
and scientific community to provide these cost effective, technologically sound high
performance computing solutions.

IBM believes that innovations driven by the High Performance Computing space eventually
become part of the mainstream commercial computing as well.

IBM’S ROADMAP

IBM’s roadmap for High Performance Computing Systems is strong. IBM is investing today in
developing the building blocks intended to lead to computing solutions capable of Petaflop
operations by 2009. Our investment strategy has been consistent and is made up of world class
building blocks comprising POWER based nodes and high bandwidth low latency interconnects.
Coupled with this hardware investment is an equally strong investment in system software, both
at the operating system level and system software for job scheduling, cluster/parallel file
systems, and node to node communications. This strategy has proven to be competitive in the
marketplace and economically sustainable. IDC’s HPTC 4Q03 Quarterly Tracker reported IBM
was #1 in Technical Computing, #1 in the Capability Segment, and #1 in the Enterprise Segment
gaining two points of share in the HPC market overall for the year. As such, High Performance
Computing Solutions remain a key element of IBM’s strategic investment portfolio.

Behind our proven products is a long standing tradition in research and development that is
required to continually drive the leading edge of highly efficient and highest performing
computing solutions. These systems are being designed to meet not only today’s needs, but to
ensure that we will continue to meet the exponentially growing future needs of our customers.
For example, IBM research and development teams are engaged in the PERCS program, which
is focused on High Productivity Computer Systems, for which one of the thrusts is not only to
drive the state of the art in High Performance HW and SW systems, but more importantly to
drive improvements in tools and techniques to allow application developers to more easily make
their code work at peak efficiency and performance on these systems. In addition, IBM already
has work underway in its BG/L program toward Petaflop computing and is exploring innovative
architectures to support it. In this effort, IBM has already demonstrated feasibility in our BG/L
building blocks by entering its BG/L prototype system as one of the top 100 (#73) highest
performing computers as measured by the Top500 rankings in November 2003 (Top500.o0rg).

While economically sustainable and technically viable for many customers, this building block
approach is not optimal for all classes of applications. There is a class of applications for which
it is not optimal. In particular, the performance of collective communication routines on very
large systems, memory access for small scattered data access patterns, and point to point latency
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have been found to be areas of opportunity which could, if addressed, further improve sustained
performance. Our Collective Offload Engine (COE) (Patent Pending) research promises to
address the scaling limitations with collective routines on very large distributed memory
machines by offloading these operations to a hardware engine attached to the interconnect fabric
vs. depending on pure software solutions. Initial analysis, already underway, has shown COE to
be well suited to address this issue.

We are also currently investigating the data access patterns involving small scattered data
requests and studying how a Virtual Vector Architecture (ViVA) approach can be enhanced to
address this. ViV A also promises to enhance the synchronization within OpenMP threads. This
has the potential to enable IBM systems based on super-scalar processors to achieve much higher
sustained performance on vectorizable codes. Further enhancements to ViVA will be
investigated based on feedback from our early experience with this technology. We are also
investing in processors that employ VMX engines. This experience with both VMX and ViVA
will help shape future generations of processor design and software implementations necessary
to drive towards efficient Petaflop computing.

To achieve much lower latencies, IBM is investigating approaches involving burst MMIO for the
POWERG6 timeframe which will eliminate the need for DMA in the latency critical path and
reduce the number of handshakes between the host and the adapter.

Finally, this year, IBM is enabling its first generation of Simultaneous Multithreading
Technology (SMT) which promises to further enhance the sustained performance and potentially
reduce variability on ultrascale systems. For example, an approach being investigated is to see if
system background activity (e.g. system daemons) can be bound to lower priority SMT threads
while the application threads are bound to the highest priority SMT threads in the processor.

IBM’s investment toward Petaflop computing is holistic and includes elements of hardware,
software, and productivity tools, providing an overall system view both from the perspective of
the administrator as well as the end user. This investment cuts across multiple divisions and
remains a highly visible and strategic segment for our senior executives and is integral to IBM’s
maintaining its technological and market leadership position.

PERCS

IBM is working with DARPA’s High Productivity Computing Systems (HPCS) on a long-term
project that addresses a scope of technical issues beyond traditional performance. These issues
define the value that a user gets from an HPC system and include performance efficiency,
scalability, robustness, and ease of use. The program emphasizes groundbreaking, high-
risk/high-reward research with a focus on commercialization prospects.

PERCS is centered on a revolutionary theme of adaptive cognitive systems that morph to match
application requirements. Thus, one could conceivably have a single design point that
competently addresses both commercial and scientific workloads by dynamically configuring the
resources in the system to meet the application requirements. This consolidation of workloads
under a single design point enables IBM to meet the long-term challenges of the scientific high
performance computing marketplace without giving up commercial viability, while the
adaptability enhances system value, ease of use, and general programmer/user productivity.
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Under PERCS, IBM is investigating new and revolutionary technologies that could enable peta-
scale performance in the 2010 timeframe. These technologies recognize the current problems
that impede high performance in high-end systems, namely the memory wall, the communication
bottleneck, the difficulty of programming and performance tuning, and the reliability. We
predict that these problems will increase in magnitude over the next years as processor speeds
continue to increase faster than memory or communications. We are pursuing an integrated
solution across the various system layers based on the POWER architecture. The design
incorporates many new IBM technologies such as:

Near Memory Processor (NMP) that adds intelligence across the path from the processor to the
memory subsystem. Dynamic power shifting to direct power to the area of need for reduced
power consumption. Memory-in-Processor abstraction that configures the large (100’s of MB)
on-chip caches to give control over this memory to the compiler or application programmer. 2-D
packaging (Silicon Carrier) to build processor chips that have higher bandwidth to main
memory, lower power consumption and higher manufacturing yields. 3-D packaging (chip-
stacking) to build processor and memory complexes that have higher bandwidth and low latency
memory access. Polymorphic processor design that enables the processor to be configured
between various modes of operation, including vector mode, simultaneous multithreading, and
various forms of thread-independent configuration. Flat, fat tree opto-electrical switching
network with 5000 cycles communication latency. Low FO4 circuits for improved performance

and reduced power and Strained Silicon to provide for very large onchip caches (100’s or 1000
of MB).

It is certainly too early to project the performance of such a system, as the technologies are still
being investigated. Consequently, we state the goals of the system as reflected by the current
design point:

6-10 GHz frequency range for optimal power/performance.
0.25TF/chip (peak performance).

32TF/sec per rack, including 128 chips.

Scalable switching components up to 2PB/second
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PROPOSED LCS-1 SYSTEM

The LCS-1 cluster will be based upon pSeries POWERS “Squadron-IH” SMPs. The pSeries
Squadron IH SMPs are planned to be IBM’s latest offering in a family of scalable, parallel
computing solutions. The stand-alone POWERS servers are planned to be announced for general
availability in 4Q04 as stand-alone systems and in small clusters, with large-scale clusters
comprised of Squadron IH servers generally available in mid-2005. The proposed LCS-1 system
will be comprised of 512 SMPs in mid-2005, well within the large scale testing which is planned
to be performed to 1,536 SMPs.

The POWERS processor and server design builds on many POWER4 characteristics, but several
design additions will allow these systems to deliver improved sustained performance specifically
for high end scientific and technical applications. It continues with the dual core design, but
extends the maximum number of physical processors to 64 and substantially enhances the
memory / cache architecture. POWERS also introduces 2-way simultaneous multithreading
(SMT). To an application, each POWERS chip appears as a 4-way symmetric multiprocessor so
that a 64-way POWERS system presents a 128-way image to software. SMT allows higher
utilization of the processor’s execution units.

Figure xx below provides a high level description of the proposed SQ-IH server. Note that the
General Availability (GA) frequency for this server is 1.9 GHz. For the LCS-1 system, IBM is
proposing to 1.9 GHz.

Features:
e 8-way SMP cluster optimized server node
e Powerful Processor: 1.9GHz (GA), 1.9 (LCS-1) 1-core Power5 CPU's
® 2MB on-board L2 & 36MB L3 Cache
e High Bandwidth Memory Subsystem: 200 GB/s max cumulative peak BW
e High Memory Capacity: 256GB maximum via 64 plugable DIMMs
® High 1/0 Bandwidth: 48GB/s peak via 6 Gx+ buses
o Gx Cluster Adapters: 2 Dual port Federation

o PClx slots: 6 full length full power (3+3 on 2 separate I/O domains) ~
e Each Gx cluster adapter displaces 2 PClIx slots A~ [} Hﬂ".:' L
e Quad integrated Gb Ethernet S . My

I
® Dual integrated SCSI controller Z HH\ ‘ .
<

® Two internal 3.5" high performance hard drives ' — ,:J”HHH
e High Function service processor N 5 =~ I
® Dual 100Mb Ethernet management ports ] - W

e Dual 350VDC power input g _
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LCS-1 INTERNAL HIGH PERFORMANCE INTERCONNECT

The High Performance Switch (HPS) Interconnect (a.k.a. Federation) is an evolutionary step in
network data transfers using technology based on the proven architecture of SP Switch and SP
Switch2. HPS technology augments the latest offerings of pSeries clustered servers by increasing
the communication bandwidth between servers and partitions within the cluster. The benefits of
implementing this communication subsystem include many enhancements over previous SP
switch offerings including:

e Parallel, interconnected communication channels forming a consolidated switch network
e Significantly improved communication bandwidth and latency (~ 5 ps)
e Improved reliability, availability, and serviceability (RAS)

The HPS uses the same basic concepts of 8 port switch chip, 8 chip switch board, FLIT-level
flow control, large packet central queue, and high fault tolerance as was used in the previous SP
switch families. The 4 GB HPS increases bandwidth, reduces latency, and removes the
dependency on software for some error recovery. The switch technology also allows the use of
both copper cables and fiber optic cables in the switch network.

LCS-1 FACILITIES

The LCS-1 compute cluster will be deployed using a scalable unit approach. Each scalable unit
will be composed of 4 racks as shown in Figure xx. A scalable unit contains:

e 48 SQ-IH servers as described above. 12 in each of the 4 racks.

e 6 Federation switches. 2 in 3 of the 4 racks. This provides all of the requisite first stage
(NSB) switches needed for the 48 servers in the scalable unit. Cabling of the adapter to
NSB will be done with copper interconnect.

e 210 drawers. 2 in the 4™ rack. The IO drawers will be attached to 2 of the 48 servers to
provide 10 functions to global disk and external networking. Each 10 drawer has 20
PCI-X slots across 6 PCI-X buses.
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RACK 1 RACK 2 RACK 3 RACK 4
BULK POWER ASSEMBLY [ BULK POWER ASSEMBLY | BULK POWER ASSEMBLY BULK POWER ASSEMBLY |
SQ-IH NODE 12 : SQ-IH NODE 12 : SQ-H NODE 12 SQ-IH NODE 12
SQ-IH NODE 11 : SQ-IH NODE 11 : SQ-H NODE 11 SQ-IH NODE 11
E SQ-IH NODE 10 : $Q-IH NODE 10 : S$Q-H NODE 10 SQ-IH NODE 10
o
g SQ-IH NODE 09 : SQ-IH NODE 09 : SQ-H NODE 09 SQ-IH NODE 09
g SQ-IH NODE 08 : SQ-IH NODE 08 : $Q-H NODE 08 SQ-IH NODE 08
:\_‘— SQ-IH NODE 07 : $Q-IH NODE 07 : $Q-H NODE 07 SQ-IH NODE 07
% SQ-IH NODE 06 : SQ-IH NODE 06 : SQ-H NODE 06 SQ-H NODE 06
E SQ-IH NODE 05 : SQ-IH NODE 05 : SQ-H NODE 05 SQ-H NODE 05
m SQ-IH NODE 04 : SQ-IH NODE 04 : SQ-H NODE 04 SQ-IH NODE 04
-
n<‘ SQ-IH NODE 03 : SQ-IH NODE 03 : $Q-H NODE 03 SQ-IH NODE 03
: SQ-IH NODE 02 : SQ-IH NODE 02 : SQ-H NODE 02 SQ-IH NODE 02
[}
5 SQ-IH NODE 01 : SQ-IH NODE 01 : S$Q-H NODE 01 SQ-IH NODE 01
o~ b o
FEDERATION SWITCH 2 : FEDERATION SWITCH 2 : FEDERATION SWITCH 2 1/0 DRAWER 2
FEDERATION SWITCH 1 [ FEDERATION SWITCH 1 ] FEDERATION SWITCH 1 1/0 DRAWER 1
B 1 [ __dib 1 [ __dib 1 L __dlb 1 [ ¢
8 NSB CABLES (COPPER)
8 NSB CABLES (COPPER)
| 8 NSB CABLES (COPPER)

. 32 ISBI CABLES (FIBER)

32 ISBI CABLES (FIBER)

32 ISBI CABLES (FIBER)

The total LCS-1 system will consist of 10 scalable units as described above plus a partial unit to
provide a total of 512 SQ-IH servers. Space is available in the last scalable unit to provide
additional IO capability if necessary.

The 2™ stage switches (ISB) will be provided in stand-alone racks. 4 racks each with 8 switches
provides the necessary 32 switches.

The disk subsystem will be built using IBM’s FAStT Serial ATA product. The FT100 and EXP
100 disk subsystem will be populated with 250 GB SATA drives. 6 scalable units (FT100 +
EXP100) will be housed in a standard T42 rack. A total of 128 scalable units will be provided
using 18 full frames plus a partially filled 19" rack.
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FAStT 100 Serial ATA
e dual contollers FAStT 600

* 4 @ 2 Gb host attachments B \
e up to 14 SATA drives
e 3U form factor
EXP 100 FAStT 100
FAStT EXP 100
e expands to FAStT 100
e up to 14 SATA drives

e 3U form factor Dual Controllers

LCS-1 Fans
e Over 500 TB useable
¢ 128 (FAStT100 + EXP100)
°4 @ (4+p) + 2s
—22 drives of 28 available
e 6U form factor per building block
¢ 7 building blocks per T42 rack

Dual-ported Serial ATA
disk drive carriers

FAStT 100 Storage Server

The projected power requirements for the proposed LCS-1 system are summarized in Figure xx.

qty @ VA KW
Servers
Rack BPA 47 300 14.1
Node Power 512 2,574 1,317.9
10O drawers 20 700 14.0
Node switches 64 900 57.6
2nd tier switches 32 1,000 32.0
Disk Subsystem
FT100 128 200 25.6
EXP100 128 308 39.4
Infrastructure
HMC's 32 250 8.0
Network Gear 2 4,700 9.4
Total 1,518.0
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PROPOSED LCS-2 SYSTEM

The LCS-2 cluster will be based upon pSeries POWERG6 “P6-IH” SMPs. The pSeries P6-IH
SMPs are planned to be IBM’s latest offering in a family of scalable, parallel computing
solutions. IBM’s HPC roadmap projects stand-alone POWERG6 servers to be introduced to the
market in the mid-2007 timeframe with large-scale clusters comprised of P6-IH servers projected
to be generally available in early 2008. The proposed LCS-2 system is planned to be comprised
of 1312 SMPs in early-2008. Next sentence seems out of order.

After POWERS, IBM plans to introduce the POWERG6 processor which will be the result of
IBM’s “eCLipz” program. The goal for “eCLipz” is to provide a common infrastructure
approach for all three of our current IBM server lines based on IBM microprocessors — iSeries,
pSeries, and zSeries. By exploiting this commonality, IBM will expand the commodity base
and benefit from the commensurate price advantages derived from economies of scale. On
pSeries, the “eCLipz” era processor, POWERG6, will be an architectural evolution of the
POWERS. Higher microprocessor frequencies in the range of 5-7GHz will be supported with
equivalently higher scaled I/O buses throughout the server.

LCS-2 INTERNAL HIGH PERFORMANCE INTERCONNECT

By late 2007, IBM projects that commercial networking technology sufficient to meet the needs
of the high performance computing community thus making it no longer necessary to develop
vendor specific proprietary interconnect fabrics. It is projected that InfiniBand DDR will be
mature in the late 2007 timeframe making it applicable to the LCS-2. IBM is exploring the
development of the HCA to incorporate additional performance enhancing features such a HCA
support for collective offload operations.

Relative to server interconnect, IBM’s current POWER4 systems and the upcoming POWERS
systems utilize IBM’s Federation / SMA solution providing bandwidth of 2 GB/s per direction
per link. High end systems will support multiple Federation networks to provide interconnect
bandwidth on scale with the compute capability of the servers. POWERG6 systems will exploit
higher bus speeds with the Galaxy HCA which will provide native IB-12x interface to the
servers. Whereas we project that IB-12x will be mature in the POWERG6 timeframe, IBM is also
investigating development of IB-12x switches with Prizma (copper fabric) and Osmosis (optical
fabric).

Late 2007 solution offerings are speculative at this time but we are projecting that 64 port DDR
IB 12x switches will be available.

LCS-2 FACILITIES

White the specific packaging of the proposed P6-IH is speculative at this time, it is presumed
that the form factors of the LCS-1 Squadron-IH will be a target design point for the P6-IH.
Each server will be 2U high and a pSeries W42 rack will house 16 servers plus bulk power
assembly. A total of 82 racks will be necessary for the servers plus an additional 8 racks for /O
expansion in support of the global file system and external network interface. We project an
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additional 8 racks to house the 64-port IB 12x DDR switches. An additional few racks will be
required for management networks and administration servers.

The total system is projected to require 4.6 MW of power for the LCS-2 Performance system and

3.2 MW for the LCS-2 Budget system.

PRICING

LCS-1

LCS-2
Performance

LCS-2
Budget

IBM Price

$36.4M

$79.0M

$57.5M

- For LCS-1, this includes IBM HW
and IBM SW as well as IBM support
(hw maint, sw maint, and sw support)
through 1Q08

- For LCS-2, this includes IBM HW
and IBM SW as well as IBM support
(hw maint, sw maint, and sw support)
for one year following system
installation

Annual ongoing support (hw maint, sw
maint, and sw support) beyond
timeframe noted above

$5.0M

$10.0M

$7.0M

Installation Date

3Q/4Q CY05

2H CY07

2H CY07

Operational Date

4QCY05

4Q CY07
/1Q CY08

4Q CY07
/1Q CY08

Additional Comments

- IBM and LBNL plan to continue to
reassess system installation dates to
determine any potential improvement
associated with these dates

- Regarding LCS-1, IBM plans to
reassess our ability to supply 2.0GHz
chips at YEO4. In the event that
2.0GHz servers could be provided,
IBM would plan to deliver LBNL with
equivalent total peak TFs but with
fewer servers

Environmentals

-Estimated floor space

2,400 sq ft

4,200 sq ft

3,000 sq ft

-Estimated total power requirements

1.5 MW per year

4.6 MW per year

3.2 MW per year

If LBNL is successful in being selected by the Office of Science as the SC laboratory to fulfill
the mission to provide the Leadership systems, IBM anticipates entering into formalized, detailed
negotiations to create a separately executed written agreement between IBM and LBNL.
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ADDITIONAL SYSTEM FEATURES

Storage

Years of experience with high performance computing systems has led to a heuristic for determining
an appropriate quantity of storage — 10 bytes of accessible storage per flop/s of peak performance.
Thus the LCS-1 system will be configured with 512 TB of globally accessible disk (plus local disk
used for system purposes but not used by applications), and LCS-2 will have 2,048 TB (2 PB) of
global storage. Physical storage will be serial-ATA disks.

The global file system on both the LCS-1 and LCS-2 systems will be IBM’s GPFS (General
Purpose File System), a mature parallel file system that provides excellent performance,
scalability and functionality. The General Parallel File System (GPFS) GPFS is POSIX
compliant UNIX file system that provides global access to data to all servers within a cluster,
supporting demanding I/O loads and fault tolerance requirements. At its core, GPFS is a parallel
disk file system, providing high-speed access data from any of the servers in a pSeries cluster
through normal application interfaces; no special programming is required. The parallel nature
of GPFS guarantees that the entire file system is available to all nodes within a defined scope and
the file system’s services can be safely applied to the same file system on multiple nodes
simultaneously. GPFS performs all file system functions (including metadata functions) on all
members of the cluster. This is in contrast to other storage area network (SAN) file systems,
which have centralized metadata processing nodes for each file system that can become a
performance bottleneck. Designers of systems containing GPFS can allocate applications to
compute resources within the cluster without concern for which member of the cluster has the
data.

Software

A robust software environment is a critical component of leadership architecture. IBM has spent
many years developing a proven software infrastructure that is capable of operating at such large
scale.

System software on both the LCS-1 and LCS-2 systems will be an evolution of IBM’s current SP
system software that powers one-third of the Top 500 computers in the world. IBM’s SP
software has proven its robustness and reliability at NERSC by consistently enabling utilization
of over 90% of available computational resources. NERSC’s experience also demonstrates this
with a large number of very large jobs.

IBM’s High Performance Computing Solutions provide customers with flexibility and choice
that allows them to optimize their IT investment to best meet their specific needs. We offer end
to end comprehensive solutions built on our state-of-the-art Unix operating system AIX 5L
running on our POWER technology and we offer fully supported solutions running on standard
Linux distributions on xSeries or pSeries hardware. We offer the components required to run an
HPC Computing Center in an integrated, packaged, fully supported solution or customers can
choose to integrate theirs or open source software with select components of our software stack
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through published interfaces to build the customized solution that best fits their needs. This
flexibility and choice gives the customer complete control to optimized IT investment:
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User Space Kernel Space

The High Performance Computing (HPC) Software Stack from IBM today consists of multiple
components that comprise a complete, integrated, full function Solution. LoadLeveler® (LL)
supports the administering of, accounting of, and job scheduling/load balancing of applications
on the clustered system. Cluster Systems Management (CSM) enables IT administrators to
easily manage their large clusters from one single point of control. The Engineering Scientific
Subroutine Library (ESSL) is a state-of-the-art collection of subroutines providing a wide
range of mathematical functions for many different scientific and engineering applications. LCS-
1 and LCS-2 will have optimized mathematical and scientific libraries to the POWERS and
POWERG6 processors, particularly the ESSL library. Many codes poised to run at this scale depend on
the availability of such libraries to extract maximum performance from the architecture.

MPI, LAPI, and HAL are part of the Parallel Environment (PE) that is an environment
designed for developing and executing parallel Fortran, C, or C++ programs. PE consists of
components and tools for developing, executing, debugging, profiling, and tuning parallel
programs.  Finally, the General Parallel File System (GPFS) and Virtual Shared Disk
subsystem (VSD), allow users shared access to files that may span multiple disk drives on
multiple nodes and offers many of the standard UNIX® file system interfaces allowing most
applications to execute without modification or recompiling.

These components represent the key assets which we will continue to evolve to meet the future
needs of the HPC customers. To this end, IBM, with input and guidance from LBNL will
continue to enhance the functionality of all of these components.

In the future, IBM sees its clusters interoperating with others in Grid based configurations. This
will require capabilities that can efficiently use WAN based infrastructure vs. more traditional
LAN or proprietary interconnect infrastructures. Grids will allow virtual clusters not
encumbered by the geographic limitations of today’s high performance clusters. Grids will
necessitate global but secure file systems united by standards such as NFSv4. IBM’s GPFS
filesystem has plans in place today to expand to operate over WANSs as well as allow access to its
data through NFSv4 cross mounting. This will enable non IBM systems that support NFSv4,
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and later, high performance extensions of that standard, to access files stored in the GPFS file
system, obviating the need for storing multiple duplicate datasets in multiple filesystems.

Scheduling resources in such grid based geographically dispersed clusters requires a grid enabled
scheduler. IBM’s LoadLeveler has plans to interoperate with and be used in an OGSA/Globus
based grid environment in future releases.
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A.2 VIiVA Technical Overview

ViVA Design Targets

ViVA and ViVA-2 are specialized enhancements to the Power architecture designed to significantly
improve sustained performance on awide range of scientific applications.

ViVA isacompiler-supported programming model that combines processors to form more powerful
virtual processors by making use of fast barrier synchronization technology available in Power5 and
Power6 processors. ViVA will be available on both the LCS-1 and LCS-2 systems.

ViVA-2 is envisioned as a set of extensions to the Power6 architecture that will accelerate scientific
applications by supporting deeper pipelining of memory requests in order to hide memory latencies.
These extensions will improve the efficiency of memory accesses on both vectorizable and non-
vectorizable codes. ViVA-2 is superior to strictly vector designs because it offers the flexibility of
achieving high performance on non-vectorizable algorithms using state-of -the-art superscalar technology,
while efficiently processing data-parallel code segments that are amenable to vectorization. These
enhancements address a variety of scaar memory performance degradations often attributed to
irregularity in the data-access patterns. Examples include ineffective hardware prefetching, load/store
instruction issue-rate limitations, and wasted bandwidth due to partially used cache-lines.

ViVA: Virtual Processors

The ability to combine CPUs to form more powerful virtual processors reduces coarse-grained
parallelism requirements, and allows awider spectrum of applications to effectively utilize the underlying
computational resources. The Power5/6 ViVA Virtua Processing extensions enable this architectural
enhancement through the tight synchronization of an 8way CPU node. IBM originally devel oped the fast
synchronization hardware for the earlier generation the Power3 processor variants used in Hitachi’s
innovative SR-8000 system [Al, A2, A3]. It is similar in nature to the feature that Cray refers to as
“multistreaming” on its X1 product, where four independent 3.2 Gflop/s vector processors (SSPs) are
combined using fast synchronization hardware and compiler technology to form the 12.8 Gflop/s Multi-
Streaming Processor (MSP). The Power5/LCS-1 node will use ViVA fast synchronization hardware to
combine eight 8 Gflop/s Power5 cores to form a single 64 Gflop/s processor. Codes that benefit from
Cray multistreaming will benefit from this feature. 1t will also improve the efficiency of OpenMP-enabled
codes like the latest generation of the community coupled climate application (CCSM3). The ability to
combine CPUs to form more powerful virtual processors reduces the apparent parallelism of the resulting
system. This approach offers distinct advantages for a number of codes that have limited ability to
manage such massive parallelism, such as climate, sparse matrix methods, and adaptive mesh refinement
(AMR) methods.

AMR, for instance, makes use of dynamically adapting hierarchies of meshesin order to follow shock
fronts and other moving features that require additional refinement. AMR codes must therefore
continuously rebaance its computational load as the meshes adapt to changing conditions in the
simulation. The complexity of this load-balancing problem increases dramatically as the number of
processors in the system is increased. The ViVA virtua processors enable the AMR simulation to treat a
4,096-way supercomputing system as one that contains 512 much faster processors. By keeping
scalability requirements to a manageable level, the LCS-1 and LCS-2 systems will be applicable to a
wider variety of application codes than could be supported using less powerful commodity processors.

ViVA-2: Application Accelerator

The Power6+ series chips will introduce the concept of “application accelerators® — additional
hardware co-located with the CPU on the chip that accelerate particular application-specific or domain-
specific features. For instance, one potential use of this capability is a TCP protocol accelerator that is
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implemented entirely in hardware. We introduce the concept of a ViVA-2 scientific application
accelerator that will offer significant improvements in efficiency for a wide variety of scientific
applications. ViVA-2 is described below.

ViVA-2 is a science-driven application accelerator, targeting bottlenecks that degrade scientific code
performance. Example of performance limitations that ViV A-2 may potentially address, include:

Irregular access patterns: The Power architecture is optimized for strided and regular access patterns.
The memory subsystem’ s automatic hardware prefetch streams provide deep pipelining of memory
accesses hides memory latency. However, hardware prefetching only recognizes regular memory
access patterns and is not designed for irregular memory access patterns.

High load/store issue rates: Aggressive issue of data prefetch instructions can fill the memory fetch
gueues. It is unfeasible to employ conditiona logic to prevent redundant fetches of the same cache-
line.

Low cache line utilization: Sparse and strided operations that may use as few as one 8-byteword in a
128-byte cache line, needlesdy consuming memory bandwidth. This situation can arise in many
scientific applications, including multigrid solvers and sparse matrix computations.

Some technology enhancements being considered for ViV A-2 to address these limitations include:

Instruction set or auxiliary register set extensions that support efficient prefetch generation for
moderately irregular data access

Instruction set extensions that support sparse, noncache-resident data loads. This is needed for strided
accesses for multigrid methods, as well as for indexed-irregular loads required for sparse matrix
methods.

Additional registers for software pipelining of larger loop bodies. This decreases the need for loop
splitting to control register spilling and thereby reduces the memory bandwidth requirements.

Instruction set extensions that allow the CPU to initiate many dense or indexed/sparse loads using a
single instruction in order to reduce load/store unit stalls. This must be done in conjunction with
increased number of memory request queue entries.

Proper compiler support will be a critical component of these enhancements.

A proof-of-concept for the ViVA-2 extensions is found in the Hitachi SR-8000 [Al, A2, A3], a
successful processor based on extensions of the Power3. We will work together with IBM and our
NFACS partners to refine these modifications to provide the highest impact on leadership class scientific
applications. This collaborative research effort will continue beyond LCS-2, towards effective petaflop/s
computing.

A.3 Milestones and Deliverables

The schedule below assumes that an award for the leadership computing system will be made on
April 15, 2004.

LCC Quarterly Progress Meetings

These meetings combine two different sub-meetings:
NFACS status meeting
BluePlanet architecture meeting

A-19



Use or disclosure of information contained on this page is subject to the restrictions on the title page of this proposal.

Every fourth meeting (in July) will be an annua all-hands meeting

07/2004 Kickoff meeting with LCC

10/2004 Quarterly meeting

01/2005 Quarterly meeting

... will be scheduled every three months through

10/2008 Quarterly meeting

LCC Milestone

12/2005 ViVA-2 Design complete

LCAT

01/2005 Monthly LCAT meetings (plus semiannual larger ones).
Systems

06/2005 LCS-1 Ingtallation (1/4 system)

07/2005 LCS-1 First user access

09/2005 LCS-1 Ingdlation (remainder of system)
10/2005 LCS-1 First user access

11/2007 LCS-2 Installation.

01/2008 LCS-2 First user access

Infrastructure

12/2004 Distributed Terascale Facility network connection available for testing
01/2005 WAN GPFS Demonstration

01/2006 Performance enhancementsto WAN GPFS
02/2005 10 Gb/s Ethernet infrastructure in place

06/2005 HPSS upgrade to 500GB tape infrastructure
07/2006 Compuiter floor space available for LCS-2
03/2007 HPSS upgrade to 1 TB tape infrastructure
Contracts

10/2004 Detailed statement of work with IBM for LCS-1
02/2007 Detailed statement of work with IBM for LCS-2
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RESTRICTION ON DISCLOSURE AND USE OF DATA

This proposal or quotation includes data that shall not be disclosed outside of the buyer's
organization, and shall not be duplicated, used or disclosed outside of the buyer's organization or
the Government -- in whole or in part -- for any purpose other than to evaluate this proposal or
quotation. If, however, a contract is awarded to this offeror or quoter as a result of -- or in
connection with -- the submission of this data, the buyer's organization and the Government shall
have the right to duplicate, use, or disclose the data to the extent provided in the resulting
contract. This restriction does not limit the buyer's organization or the Government's right to use
information contained in this data if it is obtained from another source without restriction. The
data subject to this restriction is contained on pages marked: "Use or disclosure of data
contained on this page is subject to the restriction on the title page of this proposal."

The data in the pages of this proposal where so annotated contain trade secrets and commercial
or financial information that are either specifically exempted from disclosure by statute or
privileged or confidential within the meaning of the exemptions set forth in Section 552(b)(3)
and (4), respectively, of the Freedom of Information Act, 5 U.S.C. 552, the disclosure of which
could invoke the criminal sanctions of 18 U.S.C. 1905.

PROTESTS

In accordance with established bid protest procedures (General Accounting Office 4 CFR Part
21), if a protest is filed against this procurement, either before or after contract award, it is
requested that immediate notification via telephone be made to:

C.C. Rowe
Senior Counsel
IBM Corporation
6710 Rockledge Drive
Bethesda, MD 20817
Telephone: (301) 803-2161
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INTRODUCTION

Information technology tools are undergoing significant development in the high end computing
arena. These tools are being advanced to handle the increasing complexity, scale and scope of
challenges across the scientific community. High end computing expands the ability of scientists
and engineers to solve real application problems. Simulations, data collection and data
dissemination have allowed us to better understand the complexities of scientific discovery. In
addition, the range and uses of these tools are being extended as they are being incorporated into
more general systems, including business and commercial applications. IBM believes that high
end computing supports the advancement of science by extending the nation’s ability to model
and predict the environment, by speeding and enhancing the design of new pharmaceutical
drugs, by simulating critical medical procedures, by improving the energy efficiencies of
complex machinery, and much more. IBM believes it is critical for the U.S. to develop a
creative and productive high performance computing environment and strategy to enable the
nation to meet the significant scientific challenges that lie ahead.

HPC Leadership

IBM believes that leadership in high end computing requires a sustained effort that includes: 1)
applying high end computing to solve the nation’s mission critical and computationally intensive
problems; 2) extending the amount of science and engineering that can be supported by available
computational resources; 3) solving industry’s complex problems that enable global business
competitiveness; and 4) developing deep expertise in all parts of the value chain from technology
to algorithms to software optimization and services. Further, we believe that partnerships
between industry, government, and universities provide a solid foundation to support sound
decision-making, yielding the development of short and long term strategies that will
substantially benefit the United States’ leadership in high end computing.

IBM’s High Performance Computing Strategy

Our goal is to enable our customers to solve consistently larger and more complex problems
more quickly and at lower cost. Large, real world programs require a mix of operations and our
overall strategy is to develop platforms optimized for the broadest possible range of
computational operations. Given that many of the needs to adequately advance scientific
discoveries require unprecedented computational capability, IBM remains committed to reaching
petaflop performance by the end of this decade.

IBM does appreciate, however, that petaflop capacity does not necessarily equate to sustained
application performance in excess of 100Tflops/sec. As such, IBM will continue to explore
research and development efforts that pursue the tightly coupled interactions of system design,
programming models, and sustained performance with the application and system development
community. IBM will conduct research to solve the problems encountered when exploiting large
scale parallelism as well as other novel, more revolutionary approaches toward supercomputing.
In addition, the growing complexity of high performance computing systems will very likely
make many autonomic computing features (e.g, self-configuring, self-healing, self-optimizing,
and self-protecting) a necessary and critical part of future systems. We will continue to develop
and deploy leading edge autonomic capabilities in our computers.

Over the past decade, IBM has demonstrated continued success in the high end computing
marketplace as a result of our sustainable strategies, products and partnerships. We plan to build
upon this success by maintaining our industry leadership position in superscalar, multiprocessor,
and parallel designs and by sustaining incremental technology improvements in both hardware
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and software that will drive both total system performance and system efficiency. IBM remains
committed to the advancement of high performance computing systems that will provide the
requisite leadership-class computing capabilities to further enable breakthrough scientific
discovery within the United States. Likewise, we maintain our ongoing commitment to partner
with the federal government and scientific community to provide these cost effective,
technologically sound high performance computing solutions.

1. IBM HPC ROADMAP:

IBM’s roadmap for machines at the highest end of the HPC performance range is shown below.
This chart depicts likely technology timelines for both microprocessors and switch interconnect:

2003 2004 2005 2006 2007 2008 2009 2010
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The IBM pSeries POWER4 and POWERS servers are an integral part of the IBM product line,
featuring servers that can help lower costs, improve efficiency, and speed scientific and technical
analysis. The pSeries POWER4 server is an innovative 4- to 32-way symmetric multiprocessor
(SMP) server that redefines the UNIX landscape. It represents the next generation of
performance leadership from IBM, with nearly 6X the power of the POWER3 Nighthawk-II
server. Numerous IBM advanced technologies are incorporated into the POWER4 including
copper interconnects, silicon on insulator, dual microprocessors on a single chip and self-
managing, self-healing capabilities. The internal micro-architecture of the POWER4/5 core is a
speculative super scalar out-of-order execution design. POWERS builds on POWER4. It
continues the dual core design, extends the number of physical processors to 64, and enhances
the memory / cache architecture. POWERS introduces 2-way simultaneous multithreading
(SMT). To an application, each POWERS chip appears as a 4-way symmetric multiprocessor so
that a 64-way POWERS system presents a 128-way image to software. SMT allows higher
utilization of the processor’s execution units.

After POWERS, IBM will introduce the POWERG6 processor which will be the result of the
eCLipz program. eCLipz will provide a common infrastructure nest for all three of the IBM
server lines based on IBM microprocessors — iSeries, pSeries, and zSeries. By exploiting this
commonality, IBM will expand the commodity base and benefit from the commensurate price
advantages derived from economies of scale. On pSeries, the eCLipz era processor, POWERG6,
will be an architectural evolution of the POWERS. Higher microprocessor frequencies in the
range of 5-7GHz will be supported with equivalently higher scaled I/O buses throughout the
server.
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For POWER4 and POWERS systems, the interconnect technology will be Federation / SMA
which will provide bandwidth of 2 GB/s per direction per link. High end systems will support
multiple Federation networks to provide interconnect bandwidth on scale with the compute
capability of the servers. POWERG6 systems will exploit higher bus speeds with the Galaxy HCA
which will provide native IB12x interface to the servers. Whereas we project that IB12x will be
mature in the POWERG6 timeframe, IBM is investigating development of IB12x switches with
the Prizma (copper fabric) and Osmosis (optical fabric).

For 2006 and beyond, IBM’s roadmap will be heavily influenced by the technologies expected to
emerge from the PERCS program which is discussed in detail to our answer to question 3.

2. IBM HPC RESEARCH ACTIVITIES AND PARTNERS:

IBM is working with the federal government to enhance high performance computing through
immediate, mid-term and long-term projects. These type projects create industry-government-
university partnerships which enables industry to speed up its planned high performance
computing advances in order to meet the application needs of the government more quickly. The
goal of these partnerships is to help achieve high levels of sustained performance and
unprecedented levels of productivity. Additionally, these partnerships provide industry and
scientists with the opportunity to enhance tools and educate the community about the adoption of
new tools and techniques.

ASCI PURPLE AND BLUEGENE/L

DoE has contracted with IBM to build the two fastest supercomputers in the world, ASCI Purple
and Blue Gene/L. ASCI Purple will provide 100 TF of computing capability for the advancement
of simulation and modeling. Blue Gene/L will be focused on enhancing ASCI scientific
simulations and providing ASCI researchers with a cutting-edge tool for computational science.

IBM’s BlueGene technology advances the state of the art of massive parallelism in computer
design and software for extremely large-scale systems by combining new processor architectures
with innovative high performance networks. BlueGene will dramatically improve scalability and
cost performance for many compute intensive applications, such as biology/life sciences, earth
sciences, materials science, physics, gravity, and plasma physics. Follow this link for more
information on Blue Gene:

http://www.research.ibm.com/bluegene/

PERCS

We are working with DARPA’s High Productivity Computing Systems (HPCS) on a long-term
project that addresses a scope of technical issues beyond traditional performance. These issues
define the value that a user gets from an HPC system and include performance efficiency,
scalability, robustness, and ease of use. The program emphasizes groundbreaking, high-
risk/high-reward research with a focus on commercialization prospects.

PERCS is centered on a revolutionary theme of adaptive cognitive systems that morph to match
application requirements. Thus, one could conceivably have a single design point that
competently addresses both commercial and scientific workloads by dynamically configuring the
resources in the system to meet the application requirements. This consolidation of workloads
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under a single design point enables IBM to meet the long-term challenges of the scientific high
performance computing marketplace without giving up commercial viability, while the
adaptability enhances system value, ease of use, and general programmer/user productivity.

Under PERCS, IBM is investigating new and revolutionary technologies that could enable peta-
scale performance in the 2010 timeframe. These technologies recognize the current problems
that impede high performance in high-end systems, namely the memory wall, the communication
bottleneck, the difficulty of programming and performance tuning, and the reliability. We
predict that these problems will increase in magnitude over the next years as processor speeds
continue to increase faster than memory or communications. We are pursuing an integrated
solution across the various system layers based on the POWER architecture. The design
incorporate many new IBM technologies such as:

Near Memory Processor (NMP) that adds intelligence across the path from the processor to the
memory subsystem. Dynamic power shifting to direct power to the area of need for reduced
power consumption. Memory-in-Processor abstraction that configures the large (100’s of MB)
on-chip caches to give control over this memory to the compiler or application programmer. 2-D
packaging (Silicon Carrier) to build processor chips that have higher bandwidth to main
memory, lower power consumption and higher manufacturing yields. 3-D packaging (chip-
stacking) to build processor and memory complexes that have higher bandwidth and low latency
memory access. Polymorphic processor design that enables the processor to be configured
between various modes of operation, including vector mode, simultaneous multithreading, and
various forms of thread-independent configuration. Flat, fat tree opto-electrical switching
network with 5000 cycles communication latency. Low FO4 circuits for improved performance

and reduced power and Strained Silicon to provide for very large onchip caches (100’s or 1000
of MB).

It is certainly too early to project the performance of such a system, as the technologies are still
being investigated. Consequently, we state the goals of the system as reflected by the current
design point:

6-10 GHz frequency range for optimal power/performance.
0.25TF/chip (peak performance).

32TF/sec per rack, including 128 chips.

Scalable switching components up to 2PB/second

Follow this link for more information on PERCS:

mailto: hootaz@us.ibm.com |

DARPA

IBM is currently involved in the DARPA Polymorphous Computing Architectures, Power-
Aware Computing and Communications, and the C20I initiatives. IBM participates in the three
programs (TRIPS, RAW, M3T, PARTS and TERABUS projects). In addition, IBM will leverage
internal work on autonomic computing for self-healing, self-optimizing systems, and on Soft-
Error Rate tolerance. Follow these links for more information on TRIPS and PERCS.

http://www.research.ibm.com/resources/news/20030827 trips.shtml

http://domino.research.ibm.com/acas/w3www acas.nsf/images/proposals200304/SFILE/SU
R.pdf
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STI

The Broadband Processor Architecture, developed jointly by Sony, Toshiba, and IBM offers the
promise of leveraging a considerable investment in game systems to high-performance
computing. The novel processor architecture, which has been optimized for gaming and media
serving and is characterized by high computational density, high off-chip bandwidths, and
facilities to tolerate memory latency, lends itself to analogous applications in ultra high fidelity
scientific simulation. Exploiting the high-volume gaming console marketplace may well
represent the next discontinuity in large-scale computing as well as a critically important method
of hiding the ever-increasing memory latency. With the promise of a demonstrably superior
microprocessor comes a series of challenges. Creating a high-end system based on this

microprocessor as well as the definition of its successors are two of the more perplexing of these
challenges.

3. IBM CURRENT HPC OFFERINGS:

A high level overview of IBM’s current HPC portfolio and how the offerings evolve into the
future technologies is shown below. The current portfolio includes both large SMP packaging
(32 processors and a greater) as well smaller, more dense packaging (8 processor and less), and
rack mountable blade servers. IBM currently offers HPC clusters for both AIX and Linux
implementations. The AIX systems are composed of multiple nodes of 4 to 32 POWER4++
processors interconnected via the IBM High Performance Switch. Linux clusters are typically
based on nodes utilizing the Intel or AMD processors and interconnected via 3" party switches
from Myricom and Quadrics. IBM has recently announced the POWER Blade server.

The IBM POWER based supercomputer products use mainstream technologies and
programming techniques, leading to cost-effective systems designs that can sustain high
performance on a variety of workloads. This approach benefits from the sustained, incremental

industry improvements in hardware and software technologies that drive both performance and
reliability.
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4. IBM HIGH PERFORMANCE GLOBAL STORAGE STRATEGY:

IBM is an acknowledged leader in providing high performance global storage for the demanding
HPC environment. NERSC and IBM have a strong history of working together to bring new
technology to bear on the most challenging scientific problems. For example, LBNL NERSC and
IBM -- along with Los Alamos, Lawrence Livermore, Oak Ridge and Sandia National Labs --
created and continue to improve the HPSS.

IBM continues to partner with public and private organizations around the world to advance the
state of the art in high performance storage systems. IBM’s ongoing work with CERN is directly
related to NERSC’s goal of building a high-performance global storage infrastructure. IBM has
joined the CERN openlab for data Grid applications to collaborate on creating a colossal data
management system built on Grid computing. Innovative storage file virtualization technology
conceived by IBM Research will play an integral role in the collaboration, which aims to help
scientists understand fundamental questions about the nature of matter and the universe by
creating a data file system far larger than any that exist today.

IBM’s storage file virtualization software, known as Storage Tank®, provides scalable, high-
performance and highly available management of vast amounts of data, regardless of where or
on what operating system it resides. IBM and CERN will work together to extend the capabilities
of Storage Tank so it can manage and provide access from any location worldwide to the
unprecedented amount of data — billions of gigabytes per year — CERN's Large Hadron
Collider (LHC) is expected to generate when it goes online in 2007.

Just as the storage software landscape is changing, we see similar changes in the basic nature of
storage subsystems. By 2010, we project that mass storage will contain substantial, standardized
processing power that will enable pre-processing, filtering and formatting operations to be
performed on the I/O device itself. Low-level file system functionality will likely be run on the
I/0 device too. We already see these trends in network-attached storages (NAS). Processing at
the I/O device can offload the main processors, and more importantly, can eliminate lengthy data
transfer if the operations are simple and data will have no reuse. Plausible scenarios include
simple transcoding of media streams and stream-oriented HPC applications. Part of our ongoing
research will investigate the incorporation of this potential capability into an HPC system
architecture, with seamless integration with the operating system and compiler to ensure that this
capability is not visible to application programmers. Success will depend on the compiler’s
ability in identifying operations that could be performed at the I/O device. Several approaches
will be investigated, including a library approach, a distributed system approach in which a
compute server running on the I/O device provides the functionality via remote procedure calls,
and the use of low-level primitives available to the compiler.

More information on file system research being done by IBM’s Almaden research center,
including technical white papers covering ongoing research being done on the GPFS file system,
the Storage Tank SAN File System, Distributed Storage Tank, and other storage related research
topics can be found at:

http://www.almaden.ibm.com/StorageSystems/file_systems/index.shtml |

5. IBM HPC SOFTWARE COMPONENTS:
IBM’s High Performance Computing Solutions provide customers with flexibility and choice
that allows them to optimize their IT investment to best meet their specific needs. We offer end
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to end comprehensive solutions built on our industry leading Unix operating system AIX SL
running on our POWER technology and we offer fully supported solutions running on standard
Linux distributions on xSeries or pSeries hardware. We offer all the components required to run
an HPC Computing Center in an integrated, packaged, fully supported solution or customers can
choose to integrate theirs or open source software with select components of our software stack
through published interfaces to build the customized solution that best fits their needs. This
flexibility and choice gives the customer complete control to optimize IT investment.

User Space Kernel Space

APPLICATION

The High Performance Computing (HPC) Software Stack from IBM today consists of multiple
components that comprise a complete, integrated, full function Solution. LoadLeveler® (LL)
supports the administering of, accounting of, and job scheduling/load balancing of applications
on the clustered system. Cluster Systems Management (CSM) enables IT administrators to
easily manage their large clusters from one single point of control. The Engineering Scientific
Subroutine Library (ESSL) is a state-of-the-art collection of subroutines providing a wide
range of mathematical functions for many different scientific and engineering applications. MPI,
LAPI, and HAL are part of the Parallel Environment (PE) that is an environment designed for
developing and executing parallel Fortran, C, or C++ programs. PE consists of components and
tools for developing, executing, debugging, profiling, and tuning parallel programs. Finally, the
General Parallel File System (GPFS) and Virtual Shared Disk subsystem (VSD), allow users
shared access to files that may span multiple disk drives on multiple nodes and offers many of
the standard UNIX® file system interfaces allowing most applications to execute without
modification or recompiling.

These components represent the key assets which we will continue to evolve to meet the future
needs of the HPC customers. To this end, we continue to enhance the functionality of all of
these components as well as fulfill customer requirements to support Linux, both on our Power
based platforms as well as on Intel and Opteron based platforms.

In the future, IBM sees its clusters interoperating with others in Grid based configurations. This
will require capabilities that can efficiently use WAN based infrastructure vs. more traditional
LAN or proprietary interconnect infrastructures. Grids will allow virtual clusters not
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encumbered by the geographic limitations of today’s high performance clusters. Grids will
necessitate global but secure file systems united by standards such as NFSv4. IBM’s GPFS
filesystem has plans in place today to expand to operate over WANSs as well as allow access to its
data through NFSv4 cross mounting. This will enable non IBM systems that support NFSv4,
and later, high performance extensions of that standard, to access files stored in the GPFS file
system, obviating the need for storing multiple duplicate datasets in multiple filesystems.

Scheduling resources in such grid based geographically dispersed clusters requires a grid enabled
scheduler. IBM’s LoadLeveler has plans to interoperate with and be used in an OGSA/Globus
based grid environment in future releases.

6. IBM HPC SOFTWARE SUPPORT MODEL:

High Performance Computing continues to be a major focus at IBM. A substantial investment is
made each year in both the hardware and software technologies that make up the key building
blocks for our HPC solution offerings. Likewise, we depend on strong partnerships with key
customers to ensure that we are meeting the needs of this important market. Customer alliances
are important and will continue to be forged in all aspects of design, development, and testing of
the individual components that comprise these solutions. Likewise, IBM constantly looks at the
make vs. buy decision for every area of technology in which it participates. One area where we
integrate vs. develop is in some of our tools and debuggers. We’ve formed partnerships with key
vendors of debuggers like Etnus, for example, to use the defacto standard parallel debugger,
TotalView. In addition, we make use of open source and more often adhere to open standards in
the components we develop and deliver. Doing so enables the solutions we build to be
integrated by IBM or its customers if they so desire, with required open source or other vendor
offered products extending or even replacing function provided by IBM.

Open Standards, Open Interfaces, and Operating System choice are essential to optimizing
investments in HPC Computing. IBM will continue to develop and support its AIX operating
system. IBM will also continue to invest heavily in Linux. IBM is working with the open source
community to provide an industrial-strength, standard operating system platform based on Linux.
This strategy is intended to produce a commercially viable system which will gradually
incorporate features that customers have come to value from commercial systems.

There are, however, reasons why it may be difficult to incrementally modify Linux for the high
end of supercomputing. Dealing with the massive scale of future high end systems may require a
design from the ground up for scalability rather than incremental modifications to a general
purpose operating system. Linux (as with most OSs) provides opaque, rigid interfaces, making it
extremely difficult to assess the system performance that will be required to control the adaptable
hardware we envision. IBM has adopted the Linux ecosystem (i.e., AP, ABI, drivers, utilities),
but for large scale systems, our plan to support this ecosystem on top of a different
implementation of the Linux kernel services (referred K42).

7. IBM AND LBNL COLLABORATION:

Over the past 12+ months, IBM has reviewed a variety of our research and development efforts
with members of the LBNL NERSC team during our continual efforts to keep you informed
regarding these ongoing activities. Find attached a brief summary regarding the options that
represent the most likely areas for further collaboration between our two organizations.
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PERCS

The PERCS team is eager to collaborate with key HPC customers to help define the system
architecture. The PERCS team briefed members of the technical staff at LBNL NERSC in
October 2003. IBM would propose an increased level of collaboration between the two
organizations in the following ways:

¢ [BM is interested in creating open channels for the NERSC staff to contribute their
application expertise to help the IBM PERCS team in our effort to define the phase 3
proposal for a 2010 offering. We would propose that by working with some of
NERSC'’s critical applications to characterize their behaviors, LBNL’s needs would
be better reflected in the phase 3 preliminary system design proposal of PERCS.

e Create a forum for regular briefings to acquire feedback regarding the PERCS design.
This will enable the IBM team to gain an assessment of the design in light of the
experience of the NERSC team as well as gain their perspective on the hardware and
software efforts and how they could better solve various customer problems.

e Engage with the applicable LBNL personnel on finding ways to use the proposed key
innovations in PERCS and leverage them to solve the problems at NERSC.

STORAGE TANK / GUPFS

Storage Tank, a key component of IBM’s Global Storage Strategy, is a distributed object storage
system that provides a complete storage management solution. It is designed to provide, in either
a distributed or grid environment, performance comparable to that of file systems built on bus-
attached high-performance storage.

As described in our response to item 4, the central issues facing CERN — how to capture and
share massive amounts of data — are very similar to the challenges facing NERSC with the
Global Unified Parallel File System (GUPFS) project. Both projects will require virtualized,
distributed storage and file management solutions with Grid integration unlike anything available
today. As IBM drives the benefits of grid computing into commercial enterprises, the work with
CERN will allow us to increase our knowledge and expertise by helping a leading-edge customer
build one of the world’s largest research and development storage grids. IBM would like to
work with LBNL to analyze the suitability of Storage Tank technology to the Global Unified
Parallel File System (GUPFS) project at NERSC.

STREAMING PROCESSORS

One of the fastest growing computing engines is gaming processors. IBM has been selected as
the provider for the gaming engines for Nintendo, Playstation, and X-box. The goal of these
projects is a gaming environment that includes real world physics and visualization. The
application of these processing engines is attractive due to the commodity production which
helps lower price performance.

IBM would like to work with LBNL to analyze the suitability of LBNL algorithms to this type of
streaming processor. IBM would like to work with LBNL on the system architecture
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requirements to build HPC computing systems from the streaming processors that are part of the
gaming marketplace.

SUMMARY

IBM and LBNL NERSC have been working together for the past five years to support your
ongoing large scale computing mission for the Department of Energy. As the requirements
within the community continue toward ever-increasing capability-oriented solutions to facilitate
high-end scientific discovery, IBM would like to join LBNL NERSC in your effortsin assessing
alternative paths toward meeting those challenges.

IBM is uniquely qualified to combine our world-class research and devel opment expertise with
our industry-leading technology capabilities to deliver a superior high end computing systems.
We believe that we can effectively push the envelope of feasibility in scale, performance, and
reliability, while addressing the challenges of increased sustained application performance to
satisfy the scientists’ thirsts for high end capability systems. IBM believes that work efforts such
as those proposed within this response would contribute to the US leadership in the high end
computing marketplace, while also providing additional acceleration to the various technologies
that are useful in systems that support commercial business interests as well.

IBM looks forward to continuing our partnership with LBNL NERSC.
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APPENDIX C
Performance Analysis of LCS-1 and LCS-2 Systems

Summary
This Appendix presents a quantitative analysis of LCS-1/LCS-2 performance and a comparison to
possible alternatives in the Cray vector line, using the best available data.

The overall conclusion is that per-processor performance of the LCS-1/LCS-2 systemsis comparable
to per-processor performance in the Cray aternatives at significantly lower cost. This performance result
arises from two factors:

IBM has reengaged with the high performance computing (HPC) market, and the results are paying
off in processors that perform much better than their predecessors.

The performance of Cray processors, while good, is not as good as is commonly thought.

Processor Overview

Key parameters of the Power processors are given in Table G1. Power5 and Power6 demonstrate
significant improvements in memory bandwidth relative to their predecessors, on par with vector
machines.

Table C-1
Specifications for Power Processors

Power4 Power5 Power6
Processor clock rate 1.3 GHz 1.9 GHz 5.0 GHz
Floating point operations per cycle 4 4 4
Processor peak Gflop/s 5.2 Gflop/s 7.6 Gflop/s | 20.0 Gflop/s
Processors per node 32 8 8
Memory bandwidth per processor 5.2 GB/s 19.2 GB/s 75.0 GB/s
Memory bandwidth to peak 1 25 3.75
performance (bytes/flop)
Average sustained performance 9.5% (single) 20% 24%
(% of peak) 6.7% (multi)

Average sustained performance is discussed in detail in subsequent sections. This table demonstrates
that IBM has made a substantial investment in processor technology to meet the needs of the HPC
community, approximately doubling the effectiveness of their processors. Much of the Power5
improvement is due to the Blue Planet collaboration, which we are continuing and expanding in this
proposal. Fower6 performance is a basdline, not taking into account the planned further enhancements
that are discussed in this proposal.

Projection Methodology

An increasein clock speed does not necessarily yield an increase in sustained processor performance,
unless memory bandwidth increases proportionally. When projecting performance increases between
processors in the same family, we take into account clock speed and memory bandwidth. If relative
memory bandwidth, measured in bytes/flop, remains the same, sustained performance as a fraction of
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peak should remain the same. If relative memory bandwidth increases or decreases, sustained
performance as afraction of peak will increase or decrease.

Power5 Test System Description

We have had access to an early implementation of a Power5 system. The system is similar to the
LCS-1 system except for the following points:

Processor speed 1.6 GHz (LCS-1 will be 2.0 GHz)

Two processor cores on achip. The LCS-1 system will have one core per chip. To smulate the LCS-
1 system, we did not use the second processor core.

Compiled using Power4 technology — no Power5-specific optimization

Prolectlon to LCS-1 Power5 System

The processor clock of the LCS-1 system is 19% faster than that of the test system, and relative
memory bandwidth increases by 25%. When increasing memory bandwidth and processor clock
speed by the same factor, sustained performance as a fraction of peak will remain the same. When
increasing memory bandwidth relative to clock speed, the rule of thumb is that the actual performance
increase is about 50% of the relative increase in memory bandwidth. This methodology yields a
performance projection of 18.2% sustained performance relative to peak for LCS-1.

The Power5 has some features, particularly a new instruction to start the prefetch engine, that were
not targeted by the Power4 compiler we used. We expect a 3% improvement when the new compiler
comes out. We believe that thisis a conservative estimate, given that that targeting Power4 vs.
Power3 yields an 18% improvement in performance.

Combining these two factors yields sustained performance of 21% of peak. Being conservative, we
project an average sustained performance of 20% of peak on the LCS-1 Power 5-based system.

Projection to LCS-2 Power6 System
Going from Power5 to Power6, the improvements include:

Increase in memory bandwidth from 2.5 bytes/flop to 3.75 bytes/flop (factor of 1.5). Using the
methodology above projects sustained performance of 25% for LCS-2.

Introduction of quad-word load into the instruction set (increases the effective number of memory
operations “in flight”).

Being conservative, we project an average sustained performance of 24% of peak for LCS-2.

Average Sustained Performance

To get a baseline assessment of Power5 performance, we ran the NAS Serial Benchmarks, v3.0, class
B. The six codes in this suite represent a variety of numerical algorithms from the field of computational
fluid dynamics and are described in [C1]. The results for the Power4 and Power5 test systems are shown
in Table C-2.

The ratio of absolute performance of the Power5 test system to the Power4 system is 2.2 (1035/477)
while clock speed increased only by a factor of 1.23 (1.6/1.3). This table also shows that a single
processor of the LCS-1 system should perform 3 times faster on average than a Power4 processor. When
corrected for memory contention on multiprocessor runs (see below), this performance advantage rises to
4.36.
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Table C-2
Performance of NAS Benchmarks
Power4 |[Power5 (Test System)| LCS-1 (projected)

Clock rate (MHz) 1300 1600 1900
Peak performance (Mflop/s) 5200 6400 7600
NAS Codes (Mflop/s)

BT 827 1400 2056

CG 113 208 306

FT 514 1060 1557

LU 554 1387 2037

MG 430 1321 1940

SP 426 834 1225
Average (Mflop/s) 477 1035 1520
% peak 9% 16% 20%

Application Benchmarks

We were able to run several representative single-processor application codes on the Power5 test
system. Results are presented in Table C-3. Run times for each code are given in seconds. We note that
the average performance for this broad range of applications increases by 2.3x compared to the Power4.

Table C-3
Performance Comparison for Selected Applications

Power4 | Power5 (test system) | Power5 (test system)
to Power4 speedup
Cactus 3783 1472 2.6
Chombo 396 252 1.6
Paratec 8936 3843 2.3
SuperLU 193 104 1.9
TLBE 4243 1092 3.9
WRF 3600 2003 18
Average: 23

Descriptions of the codes follow.

Cactus: An astrophysics application that evolves Einstein’ s equations following the Theory of
General Relatively. The 4D formulation (three spatial and one tempora dimension) solves coupled
nonlinear hyperbolic and €liptic equations containing thousands of terms; thus making it run
efficiently on both scalar and vector systems.

Chombo: Chombo is a framework for implementing finite-difference methods that solve partia
differential equations using block-structured adaptive mesh refinement (AMR) methods refined
rectangular grids. This benchmark examines performance of a Poisson dlliptic solver using the
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Chombo framework. The caculations on individua grids of an AMR simulation will benefit from
vectorization; however, the nonvectorizable calculations, such as pointer-indirection, clustering
algorithms, and dynamic load redistribution, will dominate the computational costs for large-scde
caculations (Amdahl’s law).

Paratec: A materials science applications that performs first-principles quantum mechanical total
energy calculations based on Density Functiona Theory. The code spends most of its time in vendor-
supplied dense linear algebra (BLAS3) and 3D fast Fourier transform (FFT) calculations, and
therefore will generally obtain a high percentage of peak processor performance across different
platforms. A network with full bisection-bandwidth is necessary for achieving high performance on
large systems, due to the global communication requirements.

SuperLU: SuperLU isagenera purpose library for the direct solution of large, sparse, nonsymmetric
systems of linear equations on high performance machines. Sparse numerical codes such as SuperLU
are acritica component of future high performance computing; however, these methods are at odds
with vector architectures, as they characterized by control irregularity, resulting in potential 1oop-
carried dependencies that inhibit efficient data-parallelism.

TLBE: Thermal Lattice Boltzmann Equation. This fusion code performs a 2D simulation of high
temperature plasma using a hexagonal lattice and the BGK collision operator. TLBE isa
computationally intensive code, which performs sweeps through a regular 2D grid with static
communication aong the boundary values, making it well-suited for both scalar and vector
architectures

WREF: Wesather Researching and Forecasting Model. State-of -the-art weather forecasting code. We
expect this code to be well suited for vector architectures.

These results are consistent with the NAS Parallel Benchmarks (NPB) experiments, demonstrating
that the improved memory bandwidth of the Power5 test system results in higher sustained performance
compared with the Power4 system. Additional increases in application performance are expected when
the Power5 microprocessor and associated software reaches maturity in late 2004. Furthermore, it is
important to note that only a subset of these applications are expected to perform well on vector
architectures. In particular, two emerging computational methods, AMR and sparse matrix computations,
are better suited for superscalar-based architectures. Our proposed system therefore offers the most
flexible solution, alowing the efficient computation of both established and evolving numerical
approaches.

Memory Contention Considerations with Multiple Processes per Node

An important concern with the use of Symmetric Multi-Processor (SMP) systems as building blocks
of large computers is memory contention within an SMP node. The per-processor performance of parallel
applications is typicaly less than that of corresponding serial applications because of paralld
inefficiencies (e.g., Amdahl’ s law), but also because of memory contention within anode. This has been a
particular concern on Power4d systems, which are based on a dual-core design in which two processors
share the same interface to main memory, effectively halving the bandwidth. Power4 systems therefore
perform particularly poorly on paralel applications — more poorly than one would expect based on
single-processor benchmarks.

An estimate of the effect of memory contention can be obtained by running multiple simultaneous
copies of a seria benchmark, and comparing their performance to that of a single copy on an unloaded
machine. If there is no contention, performance is the same. We define a benchmark *NPB, which
consists of running N-simultaneous copies of each NPB benchmark application on an N-processor
system. This can be seen for the Power4 in Table C-4:
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Table C-4
Effect of Memory Contention on the Power 4
Power 4 Power 4
(single copy) | (8 copies in 8-processor partition)
NAS Codes (Mflop/s)
BT 827 682
CG 113 56
FT 514 345
LU 554 357
MG 430 333
SP 426 319
Average 477 349
% peak 9.2% 6.7%

This result is consistent with the earlier statement that increasing peak performance without
increasing memory bandwidth typically improves performance by haf the increase in peak. An analysis
based on this rule of thumb predicts 6.9% efficiency.

The LCS-1 and LCS-2 systems minimize the effect of memory contention through the following
mechanisms:

Dedicated memory system for each processor, including orn-chip memory controller.

“Single core’ design. Other IBM systems have two processor cores on a chip. These processors share
cache bandwidth and main memory bandwidth, effectively halving the memory bandwidth per
processor.

Small node design. By having fewer processors in an SMP, the memory interconnect is greatly
smplified.

Processor affinity. The scheduling system ensures that process memory is loca to the processor on
which the processis running.

We expect the effect of memory contention to be minimal in both the Power5 and Power6 systems.
We note that the Power5/6 design is similar to that used in the Cray X1, which also has minima memory
contention. However, the Cray X 1e effectively has a dual-core design similar to that of the Power4, which
we expect to significantly impact performance. See the end of this appendix for details.

Taking into account memory contention, we therefore expect that LCS-1 processors (1.44 Gflop/s
average performance) will on average exceed the performance of Power4 processors (349 Mflop/s
average performance) by afactor of 1520/349 = 4.36.

Networks

The network in the LCS-1 system is a “ dual-plane” configuration of the IBM Federation switch. Each
of two links is capable of 4 GB/s bidirectionad communication (i.e.,, 2 GB/s smultaneously in each
direction). The total of 4 GB/s of bidirectional bandwidth i shared among 8 processors in a node, for a
rate of 1 GB/s.

Federation topology is a similar to Fat-tree topology, and provides full bisection bandwidth. A
network connecting N components is said to have full bisection bandwidth if any N/2 components can
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communicate simultaneously with the other N/2 components without interference. The total rate of such
communication is bisection bandwidth, and the rate seen by each individual component is bisection
bandwidth per processor. Bisection bandwidth per processor in the LCS-1 system is 1 GB/s.

Latency in the Federation switch will be significantly better than the latency of previous IBM
switches. With software improvements coming in Q404, latency measured a the MPI level will be 5
microseconds.

The network n the LCS-2 system will be based on the industry standard InfiniBand interconnect.
Depending on availability of quad data rate InfiniBand, it will either be 2 rails of quad data rate 12x
InfiniBand or 4 rails of dua datarate 12x InfiniBand. In either case, bandwidth will be 24 GB/s per node,
or 3 GB/s per processor. The LCS-2 network will also have full bisection bandwidth, or 3 GB/s per
processor of bisection bandwidth.

Message latency in the LCS-2 network is expected to be in the 2-3 microsecond range.

Competitive analysis
Table C-5 compares the LCS-1 to two alternatives— the Cray X1 and X1e.

Table C-5
Key Statistics for LCS-1 and alternatives

LCS-1 X1 Xle
Processor peak performance 8.0 Gflop/s | 12.8 Gflop/s | 19.2 Gflop/s
Average sustained perform ance (% of peak) 20% 13.3-18% 10-18%
Memory bandwidth per processor 19.2 GB/s 34 GB/s 17 GBI/s
Bytes/flop (memory system) 25 2.7 0.9
Bisection bandwidth in bytes/flop (at 4096 processors) 0.13 0.12 0.06
MPI latency 5ns 9ns 7 ns (estimate)

Since we do not have a direct comparison of LCS-1 to the X1, we use the IBM Power4 as areference
point to compare them, since we have comparison of the Power4 to each system. The most recent X1
Evduation Status Report from Oak Ridge National Laboratory [C2] contains Power4 comparisons for
several codes. A recent report evaluating the X1 and Power architectures [C3] also has comparisons for
severa codes. In choosing which result to present, we have in each case picked the result for the largest
problem size (typicaly favors the X1) and smallest number of processors (the Power4 interconnect on the
test systemsis not comparable to the LCS-1 interconnect). These are summarized in Table C-6.

As can be seen from the table, performance improvement varies widely. Where the ratio is low, in
some cases this indicates that a code is not appropriate for a vector architecture, and in a few cases
indicates that the Power4 performance is quite good. The average speedup of al codes listed is 4.66. As
noted above, an LCS-1 Power 5 processor should perform a factor of 4.36 times faster than a Power 4
processor.

As described in the previous section, the Power4 attains an average sustained performance of 6.7% or
358 Mflop/s when memory contention is taken into account. The X1 performs on average 4.7 times this
amount, or 1.7 Gflop/s sustained. Thisis 13.3% of peak for the X1. We recognize that this is significantly
below common expectations for the X1, but it is based on a consistent methodology using available data.
The range in X1 performance listed in the table optimistically anticipates that possible compiler
improvements and code optimization may improve X1 performance.

C-6
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Table C-6
X1 Performance Compared with Power4
Notes Performance relative to
Power4 (per processor)

POP Clim ate 7.3x
CCSM Most important coupled community climate code. Report notes 5x

difficulty in porting due to non-vectorizability of some components.

This result is for “vectorized part” only.
Gyro Fusion. Numerical simulation of Tokomak turbulence. 4.9x
NIMROD Fusion 5x
AORSA3D SciDAC Fusion code. Power 4 result reported in another paper. 3.2x
GTC Fusion. Ongoing vectorization effort: some critical components do not

effectively vectorize.
DCA-QMC Materials science code: Quantum Monte Carlo simulations of high- 12x

temperature superconductors.
LSMS Materials science. Dominated by dense linear algebra calculations. 2.5x
NWCHEM Molecular dynamics. No comparison listed. Apparently not yet ported. N/A
GAMESS Quantum chemistry. No comparison listed. Porting challenges N/A

discussed. Apparently not yet running well on X1.
AGILE- Astrophysics 5x
BOLTZMAN
MADCAP Astrophysics 3x
PARATEC Materials science 1.7x
OVERFLOW-D | Computational fluid dynamics 1.6x
Average over 4.66x
all codes

X1e performance has not yet been measured (the X1e does not yet exist), but there is reason to be
concerned about its performance. While the peak per-processor performance of the X 1e increases 50% (to
19.2 GB/s), the overal memory bandwidth of a node does not change. Moreover, the number of CPUSs per
node doubles, so that the memory bandwidth per processor actually decreases by afactor of 2. We believe
this decrease in memory bandwidth will eliminate most of the performance gain from increased processor
clock rate. For memory-intensive codes, absolute performance per processor will decrease on the X1e
because of reduced memory bandwidth. For cache-intensive codes, it should increase along with clock
speed. It is disappointing to see the evolution of this architecture towards marketing-friendly peak
numbers and away from sustained performance.

Because no machines are available for testing, we have less quantitative data for LCS-2 aternatives.
The most important changes that will be seen in the LCS-2 system are:

significantly increased memory bandwidth per processor

quad-word load instruction that will make it easier for a processor to achieve a high fraction of
available bandwidth

significantly improved per-processor network bisection bandwidth

support for RDMA read/writesin the network.

Table C-7 compares LCS-2 dternatives.
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Table C-7
Comparison of LCS-2 Alternatives
LCS-2 Black Widow
Processor peak performance 20 Gflop/s 25 Gflop/s
Sustained performance (% of peak) 24% 25%
Per-processor sustained performance 5 Gflop/s 6.4 Gflop/s
Memory bandwidth per processor 75 GB/s 85 GB/s
Bytes/flop 3.75 3.3
Bisection bandwidth in bytes/flop (at 4096 processors) 0.150 0.043
Message passing interface (MPI) latency 2-3ns 2ns

The calculation of bisection bandwidth for Black Widow assumes that the network will be related to
the current Red Storm network (3D Torus).

We expect the LCS-2 and Black Widow to perform similarly overal. Improved memory bandwidth in
both systems will increase average sustained performance, and improved scalar performance in Black
Widow should increase the number of codes that can run efficiently on it. The advantages of the LCS-2
solution are:

better price-performance

more consistent performance across a range of applications

less technology risk (Black Widow has entirely new and untested processor, interconnect, and
operating system)

potential upside dueto ViVA enhancements for Power6.
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APPENDIX D
Leadership Computing Consortium (LCC) and Leadership

Computing Applications Teams (LCAT)

This appendix provides detailed descriptions of the collaborative efforts to be conducted by the
Leadership Computing Consortium (LCC) and Leadership Computing Applications Teams (LCAT).
Section D.3 of this appendix reproduces |etters of support from collaborators.

D.1 Leadership Computing Consortium (LCC)

Charter members of the LCC and their agreed-upon contributions and collaborations with National
Facility for Advanced Computational Science (NFACS) are listed below.

IBM (Vendor Partner)

As the vendor of the Leadership Class System, IBM is committed to providing an innovative,
extremely effective, high performance computing system of unprecedented performance and capability,
and will be amajor partner of NFACS. IBM will continue its innovation to reduce latency and to improve
the efficiency of science codes. A wide range of IBM technologies will be brought to bear to assure that
NFACS is an outstanding success. The scale, schedule, and requirements for LCS mean that the standard
roadmap of technology is not sufficient. IBM has aready adopted the concepts of science-driven
architecture design in redesigning the Power5/Power6 node to focus on the balance of flop/s and memory
bandwidth. This new eight-CPU single-core node is already on the product roadmap and is the basis of
the LCS-1 system. IBM will continue the science-driven design approach in collaboration with Berkeley
Lab asthe details of the LCS-2 system are defined and implemented.

The concept of virtua vectorization — accelerators that will improve the efficiency of codes while
still leveraging the cost-effectiveness and balance of IBM’s high-volume CPU cores— is something IBM
will pursue. IBM will work with NFACS staff and the application-area teams to complete the design of
this effort and create effective methods to exploit the new functionaity. Further, IBM is committed to
improving the interconnect of the LCS systems, particularly for latency-sensitive agorithms.

In order to monitor progress towards these goals, obtain applications input, and communicate
accomplishments and new technology, IBM and LCC will hold quarterly progress meeting. Attendance at
these meetings will be open to NFACS saff, LCC members, and computational scientists from the
applications areas.

Lawrence Livermore National Laboratory (LLNL)

LLNL has an existing collaboration with IBM to field the ASCI Purple and Blue Gene/L systems. At
their introduction, these will be the most powerful systems in the world. LLNL islooking back over aten
year history of fielding some of the most powerful and innovative systems, often the first of their type.
Berkeley Lab and LLNL have collaborated in many ways in the past, most recently in the design of the &
way node. LLNL will bring the following elements into the LCC:

Collaboration in standing up and operating the next generation of IBM platforms. With ASCI Purple,
of similar design to LCS-1, being ingtaled first, NFACS will be able to learn from the LLNL
experience. NFACS and LLNL will exchange staff: staff from Berkeley will work side by side with
LLNL staff when ASCI Purple comes on line, and vice versa. In the long term, after LCS-1ison-line,
LLNL and NFACS agree to share operational information, e.g., trouble-tickets etc.

Share LLNL’s planning documents for storage-area network (SAN) architecture, including 1/0
Blueprints. We will continue to work together with the high Performance Storage System (HPSS)
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consortium, using our collective leverage with IBM and our combined HPSS devel opment staffs to
assure that the appropriate solutions are rapidly written into the HPSS rel eases.

Share, test, debug and deploy together the latest ASCI tools in visualization, including utilization of
commercial technologies to achieve new levels of graphics performance, the distributed parallel
rendering software stack (Chromium), parallel, scalable end-user applications (like VISIT and
Blockbuster movie player) and the blueprint for future Purple 100 TF-related visualization
deployment.

As members of the BlueGene/LL (BGL) Consortium, Berkeley Lab will work together with LLNL to
evaluate the appropriateness of the BlueGene/L and the BG-family (BG/P follow-on architecture) asa
leadership-class investment later in this decade by the Office of Science. BlueGene/L represents a
$100M R& D investment by IBM in amachine for science, and employs three separate networks to
enhance efficiency and an extremely low power system on a chip design. The results of this shared
evauation effort will likely drive changes in both the BG/P and LCS-2 designs and will have
significant importance in defining the road to petaflops. IBM will make available to Berkeley Lab our
SLURM and LCRM fair-share scheduling and node-packing software, should Berkeley Lab choose to
employ this solution rather than native software.

Staff from LLNL who are active in the ASCI program will be part of the quarterly progress meetings
that LCC will have with IBM.

PACI: National Center for Supercomputing Applications (NCSA) and San Diego
Supercomputing Center (SDSC)

Berkeley Lab and the NSF Partnerships for Advanced Computational Infrastructure (PACI) sites will
forge a close-knit relationship, ensuring that the NSF user community has unencumbered access D
NFACS. Berkeley Lab and the NSF centers will share the effort of supporting and training this diverse
nationwide scientific community. Berkeley Lab and PACI will collaborate on development of system
documentation, training, and user support, drawing on their years of combined experience supporting a
national user community. This collaboration will greatly reduce duplication of effort and free up
resources to ensure that the U.S. supercomputing infrastructure will provide the highest quality platform
for advanced scientific applications.

In addition, our collaboration will involve the following arrangements to form a virtual machine room
that supports seamless migration between PACI and DOE systems for users who have alocations on both
the NFACS and NSF centers:

Accounts on archiva storage systems (HPSS and Unitree) to provide equal accessto archival data
across NFACS and PACI facilities.

Peering of Grid certificate authorities and coordination of certificate management between DOE
Science Grid, TeraGrid, and PACI sites, in order to enable single-sign-on access across facilities and
seamless transfer of data between archival storage systems.

A fast path for data migration between centers using “bandwidth corridors.” The bandwidth corridors
alow scheduled dedicated access to high bandwidth channels between sites for efficient mirroring
and staging of massive datasets between mass storage systems using fixed data-rate protocols.

Federated Global Paralel File System (GPFS) file systems across systems at NCSA , SDSC, NERSC,
and the NFACS system. The software support for wide-area GPFS support for both Linux clusters
and SP systemsis aready in progress (see below). Such a shared file system will enable more flexible
migration between the systems for users who have shared accounts.

These arrangements will form aU.S. supercomputing infrastructure that spans the continent.
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It is of critical importance that the NFACS system is focused on the largest possible jobs in order to
fulfill its role as the preeminent leadership-class system for the U.S. computing infrastructure. In practice,
the typical workload on a supercomputer follows a power-law-like curve of job sizes in order to satisfy
users development, data analysis, and post-processing needs. Our PACI partners will investigate L oad
Leveler configurations that will support routing of smaller jobs to appropriately sized systems across the
LCC sites. The tightly integrated operating environment and storage federation offered by LCC ensures
that NSF users who have access to NFACS can focus their NFACS alocation on the jobs that scale to the
system’s full capability, thereby ensuring that NFACS will be focused on the largest capability computing
applications that exploit its full potential.

Wide-Area GPFS

The San Diego Supercomputer Center (SDSC) is recognized as a world leader in data-oriented
computing with deep expertise at al levels of the “data stack” — from storage and file systems to data-
oriented services, visuaization, and application portals. The coupling of the NFACS system with SDSC'’s
leading storage expertise and facilities provide an immense opportunity to develop a nationa facility that
will advance both scientific discovery and technology leadership for the U.S.

There is a particular opportunity to work with SDSC on wide-area-network (WAN) globa file
systems. At the SC02 meeting in Baltimore, SDSC used Nishan FCIP protocol converters to link Sun’'s
QFSfile system across an extended storage area network between San Diego and the show floor. Transfer
rates of over 700 MB/s were demonstrated for the fastest transfers of that type so far. Between then and
the recent SCO3 meeting in Phoenix, SDSC worked with IBM to make a pre-release version of their
GPFS software WAN-compatible and linked a fast GPFS file system at SDSC with a Linux cluster in the
SDSC booth. These transfers went directly across a 10 Gb/s link without the necessity for protocol
converters and sustained a remarkable 900 MB/s, winning that portion of the SC Bandwidth Challenge.

Present releases of GPFS require a unified user identification (UID) space between the participants; it
is clear that for widespread adoption in the Grid community, a more flexible form of authentication is
required, potentialy via Grid Security Infrastructure (GSI). SDSC is leading an initiative with the IBM
GPFS development group on WAN GPFS authentication, with the purpose of integrating Grid-type
authentication into GPFS. SDSC's leadership in this area, and their partnership with TeraGrid, the
European DEISA activities, and others, will provide an innovative environment in which to store,
manage, and manipulate the data from the NFACS system and other facilities.

Argonne National Laboratory (ANL)

There is a long history of collaboration between Berkeley Lab and Argonne involving data Grids,
visualization, PC clusters, collaboratories, and applied mathematics. In the case of data Grids, ANL has
been aleader since the I-WAY demonstration at SC95. In recent years, Berkeley Lab and ANL have been
partners in a number of DOE projects, including the Particle Physics Data Grid (PPDG), the Earth
Systems Grid (ESG), the DOE Science Grid, and the Programming Methods Center. For the NFACS
facility, we intend to deepen these collaborations in the areas of computer architecture evaluation; and
modeling, simulation, and real-time data analysis relating to large-scale problems in life sciences and
nanoscience. Argonne is interested in developing new interactive techniques appropriate for leadership-
class computing systems that go beyond today’ s batch-computing modalities.

In particular, Berkeley Lab has been invited as a founding partner in the Argonne-led Blue Gene
consortium. As members of the Blue Gene Consortium, Berkeley Lab will work together with ANL and
LLNL to evauate the appropriateness of the BlueGene/lL and the BG-family (BG/P follow-on
architecture) as a potential |eadership-class investment later in this decade by SC. The results of this
shared evaluation effort will likely drive changes in both the BG/P and LCS-2 designs and will have
significant importance in defining the road to petaflop/s.
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National Center for Atmospheric Research (NCAR)

The National Center for Atmospheric Research (NCAR) is operated by the University Corporation for
Atmospheric Research under the sponsorship of the Nationa Science Foundation (NSF) and other
agencies. The Climate and Global Dynamics (CGD) Divison has principa responsibility for the
development of the Community Climate System Model (CCSM). Principa funding for CCSM is
provided by the NSF, with supplementary funding from the DOE’ s Climate Change Prediction Program.
Collaborations between NCAR and DOE laboratory scientists are broad and include both formal and
informa arrangements. Simulations performed at NFACS would involve multiple ingtitutions and be
considered a community resource. Climate-model output data is currently distributed from the NERSC
HPSS system. In the near future, the current dataset will be distributed using ESG technology. NFACS-
produced climate-model datawill be distributed in a similar manner.

Louisiana State University Center for Computing and Technology (CCT) and
Louisiana Optical Network Initiative (LONI)

As part of this partnership, the facilities of the Louisiana State University Center for Computing and
Technology (CCT), including a 1,024-processor Intel Xeon Linux cluster, will be integrated with the LCC
partner sites, including the NFACS and PACI computing centers, to create a computing infrastructure that
supports transparent access across the LCC sites. CCT will work closely with LCC partners to support
coordinated account creation and Grid certificate-management services. The Louisiana Board of Regents
has recently approved funding to become a founding member of the National Lambda Rail (NLR), which
will place an NLR access point in Baton Rouge and enable CCT to participate directly in a high-capacity,
national global file space. As a further step, the state has announced its intention, endorsed by Governor
Blanco, to create the regiona Louisiana Optical Network Initiative (LONI), which will connect eight
major research sites across the state, and will support the requirements of the storage federation, wide-
areafile systems, and other network-intensive services required to unify resources and researchers across
al these sites, extending dramatically its capacity and user base.

NSF TeraGrid

In view of the benefits to the scientific and engineering community, the NSF Extensible TeraGrid
Facility (ETF) Project has extended an invitation to join the TeraGrid.

The TeraGrid project consists of nine sites, with computing centers, storage archives, and advanced
scientific instruments tied together with a high performance network backbone using multiple OC-192
links and an integrated software environment. The ETF supports large scale multidisciplinary scientific
investigations that require the ability to rapidly compare data collected from all of these resources, such as
comparing computational weather-modeling data to a massive nationwide sensor network and archives of
similar past weather events. A number of applications arise from this fusion of data resources that have
the potential to require petaflops-scale computing resources. Consequently, NFACS can connect to the
TeraGrid backbone in order to better support these emerging applications and expand resources available
to the TeraGrid community.

To better integrate with the TeraGrid community, this NFACS facility will participate in the
definition and deployment of and the Common TeraGrid Software Stack (CTSS), which helps to enable
interoperation among all of the facilities connected to the TeraGrid, as well as the accounting, accounts
management, and other operationa aspects of the TeraGrid.

The net result of the inclusion of the NFACS facility in the TeraGrid as a resource available to the
U.S. science and engineering communities will help facilitate the rapid advance of scientific simulation
and analysis.
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Pacific Northwest National Laboratory (PNNL)

Pacific Northwest National Laboratory (PNNL) plays a key role in the development of software for
computational chemistry and biology. PNNL will work with NFACS to port, optimize, and maintain these
codes on the LCS systems.

Chemistry plays a critical role in many DOE missions. For instance, understanding chemical
transformations is the key to predicting processes associated with catalysis, nanoscale phenomena such as
electron/hole generation in oxide films, combustion thermodynamics and kinetics, electron transfer
processes in biologica systems, and heavy-element chemistry. Computational modeling and simulation
hold the promise to provide insight that is not available through experimental techniques; and thus, it has
become an invaluable mechanism for providing chemica insight as well as quantitative information to the
chemical sciences. However, to achieve the promise of computational chemistry for large, complex
molecular systems will require ultrascale computational resources as well as revolutionary physics and
chemistry algorithms, novel numerical techniques, and more efficacious computer implementations of the
agorithms. For example, a factor-of-1000 increase in the performance of smulations is needed to have
major impact in catalyst design [D1]. Toward this end, PNNL will port, optimize, and maintain the
computational chemistry code NWChem [D2] for the architectures proposed for NFACS. NWChem is a
massively paralle software suite that provides many methods to compute the properties of molecular and
periodic systems using quantum mechanical descriptions of the electronic wavefunction or density. In
addition, NWChem has the capability to perform classica molecular dynamics and free energy
smulations. These approaches may be combined to perform mixed quantum-mechanics and molecular-
mechanics simulations.

The modeling and simulation of complex biological systems is the next phase in the computationa-
biology component of systems biology as part of a number of federally funded major research programs,
such as DOE’s Genomes to Life program. Microbia systems are the primary targets of the programs of
interest to DOE because of the potentia role that microbes play in addressing core DOE missions in
energy production, bioremediation, and carbon sequestration. There are a number of key areas, such as
the assembly and dynamics simulation of molecular machines, for which ultrascale smulation codes are
available that will need to ported and optimized to the computer architectures proposed for NFACS. Our
focus will be on the porting and the performance analysis of several codes for simulating molecular
interaction systems, including the computational chemistry suite NWChem for long-term classical
molecular dynamics simulations, and NWGrid and NWPhys for mesh-based reconstruction of cell
environments. The goal of current computationa-biology software development is to develop and
maintain these molecular and cell-modeling capabilities to allow the computational analysis of energetics,
dynamics, and electrostatic properties of biomolecular systems of a much larger spatial and temporal
scale than has been heretofore possible.

D.2 Leadership Computing Applications Teams

NFACS has identified five computational-science applications areas that will require a leadership-
class computing capability to make magor computational alvances. nanoscience, combustion, fusion,
climate, and astrophysics. In each of these application areas, project teams have been assembled who will
collaborate with NFACS to accomplish their computational goals. This section lists the collaborators in
each team and describes their research, their goals, and their computational methods and needs.

Nanoscience

Collaborators: R. Car, Princeton University; D. Ceperley and R. Martin, University of lllinois
Urbana-Champaign; A. Zunger, NREL; S. Louie, UC Berkeley and Berkdley Lab; G. Galli, LLNL.

The fabrication and integration of nanoscae systems promises to revolutionize science and
technology, from targeted drug delivery in medicine to ultrafast single-electron devices for computer
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technology. Ray Orbach, the Director of the DOE Office of Science, hasidentified “nanoscale science”’ as
one of the seven highest priorities for the Office of Science. Computational simulations are an
indispensable part in nanoscience research, in part because the complexities of nanosystems often make
traditional analytical tools inapplicable, and the small size scales make direct experimental measurements
very difficult.

Many-body methods in computational nanoscience are based either on a Monte Carlo approach
(quantum Monte Carlo) or eigenfuntion-type calculations, which involves the diagonaization of large
matrices using dense or iterative solvers. In the single-particle method, the wavefunctions are usualy
expanded in plane waves (Fourier components), and calculations typicaly involve parallel 3D fast
Fourier transforms (FFTs) and dense linear algebra in the form of iterative eigensolvers. A third class of
computation is classca molecular dynamics codes, which are used to study the synthesis of
nanostructures and large nanostructures beyond the scope of quantum calculations.

To accurately study nanostructures with 1,000 or more atoms, as well as their transport and optical
properties, with the accuracy of a quantum mechanical approach, a sustained performance of 30-50
Tflop/sis required. Looking to the future, the simulation of nanoel ectronic devices will require at least 10
times this performance.

We have assembled an eminent team of leading researchers in materials science and nanoscience
computation: R. Car, quantum mechanical molecular dynamics for 200-atom organic systems; D.
Ceperley and R. Martin, quantum Monte Carlo simulations for finite temperature liquids, A. Zunger,
million-atom simulations for nanodevices and multiple excitations; S. Louie, many-body calculations of
optical excited states for nanosystems; and G. Galli, quantum Monte Carlo simulation for optica
properties of thousand-atom nanosystems.

First Principles Molecular Dynamics Study of Biomolecules and Organic Nanostructures, R
Car, J. L. Li, N. Wingreen, E. Seifel, and S. Zilberman, Princeton University; S Louie and J. Neaton, UC
Berkeley.

An important class of phenomena occurring at the nanoscale are governed by afine interplay between
electronic structure and molecular dynamics. These phenomena include chemical reactions in biological
and aqueous environments and the processes that lead to binding selectivity and molecular recognition in
organic molecular structures. Given the complexity of these systems and the associated size and time-
scale problems, most computational modeling in this area has been limited so far either to molecular
dynamics simulations based on classical empirical force fields, or to electronic structure calculations on
static configurations of small model systems.

Theoretical progress has made available a number of computational tools to overcome the limitations
of the above approaches. These tools include:

(i) first-principles molecular dynamics techniques in which the potential energy surface for atomic
dynamic is generated on the fly from the instantaneous ground state of the electrons,

(ii) novel energy functionals to describe accurately the electronic ground state,
(iii) techniques to solve the DFT ground state problem with optimal scaling with size,

(iv) hybrid quantum mechanical/molecular mechanical (QM/MM) methods to describe the effect of the
environment on a quantum mechanical active region, and

(v) powerful path sampling and biased molecular dynamics methods to deal with activated processes and
rare events.

Limitations n the available computational power have hampered, however, widespread applications
of these methods to model biomolecules and organic nanostructures. This situation will change
dramatically if a new computional platform capable of 50 teraflop/s performace would be made available
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to the scientific community. This machine would make possible first-principles molecular dynamics
simulations of systems containing several hundred atoms for time scales of several tens of picoseconds.
These simulations would alow us to model small organic molecules (e.g., DNA pairs and aminoacids) in
water solution, or the enzymatic active site of a protein coupled to an MM environment. The new
computational platform would also make possible studies of reaction pathways in systems of the above
complexity, e.g., by means of approaches that use a chain of system replicae distributed between reactant
and product states.

In this proposal we will apply the above techniques to study organic nanostructures in biological and
aqueous environments. In particular, we plan to study excited-state properties and dynamics of
nanostructures in solution. This project will be based on a collaboration between a Princeton group (R.
Car, J L. Li) and a Molecular Foundry — UC Berkeley group (S. Louie, J. Neaton). This project will
combine the first-principles molecular dynamics expertise of the Car group in Princeton with the expertise
of the Louie group in dedling with excited-state properties. Thiswill allow us to eucidate the effect of the
solvent on the optical properties of selected organic molecules. In addition, we plan to investigate the
microscopic origin of the hydrophobic interactions between DNA-base pairs by first-principles molecular
dynamics methods. This study will involve a collaboration between the Car group (Chemistry) and the
group led by Ned Wingreen (Molecular Biology) a Princeton University. Finaly, we will apply first-
principles molecular dynamics with path-sampling and biased-dynamical approaches to study atomic
reaction pathways in the enzymatic processes hydrogenase and nitrogenase (R. Car, E. Steifel, S.
Zilberman, and a graduate student, Chemistry Department, Princeton University)

Coupled Electron-lon Quantum Monte Carlo Simulation of Liquids and Solids, D. Ceperley and
R. M. Martin, Physics Department, University of Illinois Urbana-Champaign.

Simulation of many-particle systems of atoms and molecules plays a central role in materials science.
In 1985, Car and Parrinello (CP) introduced their method, which replaced an assumed functional form for
intermolecular potentials with a loca density approximation-density functional theory (LDA-DFT)
caculation done “on the fly” [D3]. They did a molecular dynamics ssimulation of the ionic motion of
liquid silicon by directly computing the forces due to the electrons at every molecular dynamics (MD)
step. It has been a very useful method, particularly since one does not need to have an accurate
parameterized potential; the original paper has been cited thousands of times. However, the LDA
approximation is not always sufficiently accurate for the many-body effects. On the other hand, quantum
Monte Carlo (QMC) methods have been proved to be very accurate to dea with the many-body
Schrodinger equation [D4]. 1t is now feasible to carry out ab initio QMC calculations of materials such as
crystalline carbon and silicon [D5], large molecules of carbon [D6], and silicon clusters [D7]. Predictions
of new phases of matter, including hydrogen at its metal insulator transition [D8] and nonmolecular forms
of nitrogen [D9], have aso proved to be successful. However, one of the magjor challenges for the QMC
method is to use it for molecular dynamics or Monte Carlo simulations for the atoms. Here we propose an
agorithm to do just that, using the much increased computer power proposed here.

In the spirit of the CP method, Coupled Electronic-lonic Monte Carlo (CEIMC) simulates systems at
finite temperature but using QMC instead of LDA for electronic correlation. There are numerous possible
applications of the methods to problems in physics and chemistry. That this is possible is the result of
both improved algorithms and teraflop/s-scale computational resources. An important aspect of CEIMC
runs is that they are naturally parallel. Many independent QM C runs can be performed for afixed length
of time. Roughly 10° QMC steps/processor suffices to reduce the noise level enough for one ionic
movement step. This typically takes several processor seconds for a large system. The results from
different processors are globally communicated and averaged to decide whether the ionic move will be
accepted. The only inefficiency of this paraldization strategy is in the warm-up time for each QMC
simulation. At high temperatures, this limits the number of processors that can be efficiently used. But
given the more powerful computer proposed here, we will be able to tackle low-temperature and many-
electron problems where the warm-up time is no longer a problem.
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Given enough computer power, a dynamical version of CEIMC, i.e., CEIMD, becomes possible. To
generate the correct distribution from trgjectories with noisy forces, one simply has to add a viscosity
term to remove the energy added by the fluctuating forces, as is done in Brownian dynamics. It is clear
that the noise level on the forces must be small, since dynamical trgjectories are sensitive to noise. Such
an agpproach is difficult to do with current computers, but will become feasible using the computer
proposed here. CEIMD can be used to study the stability of structures, to search the equilibrium
geometries, and to find State-to-state transition probabilities. Here we give a few examples of the
applications of this method important in material science/nanoscience.

Simulation of hydrogen. The main application to date of CEIMC is high-pressure hydrogen.
Hydrogen is one of the smplest elements, but it displays remarkable variety in its properties and phases.
It has severd solid phases at low temperature, and the crystal structure of phase 111 is not fully known yet
[D10] even though there is much experimenta activity using diamond anvil cells [D11]. At high
temperature and pressure, the system becomes metallic, but the exact nature of the transition is not
known, nor is the melting transition from liquid to solid for pressures above 1 MBar. Theoretical CEIMC
simulation provides a way to solve these mysteries. The advances in methodology, such as new boundary
conditions and tria functions and increased computer performance, allow, for the first time, completely
realistic calculations throughout the bulk hydrogen phase diagram. A key question here is to decide if
there is a first-order liquid-liquid transition in the dense fluid (the plasma phase transition). The CEIMC
energy resolution, which is less than 100 K (0.01 eV) makes this possible. One particular focus of the
effort will be to understand the connection between the meta-insulator and atomic-molecular transitions
and the role of zero-point motion and thermal effects on those transitions. The proposed facility will be
invaluable in scaling the system size from 54 atoms today to systems with several hundred atoms and for
much longer simulation times.

Simulation of liquid water. A follow-on project will be the ab initio CEIMC simulation of a many-
body system of water. Water is of central importance in chemistry, biology, and nanoscience. However,
current simulation methods, both semi-empirical and those based on CP-MD, fail in important details
[D12]. CEIMC will remove severa of the main approximations in current caculations: errors of the
density functional and of the zero-point motion of the ions. Almost al DFT-based simulation methods
perform classical molecular dynamics of theions. CEIMC based on MC will have different ways to move
through phase space and test the ergodicity of the path integral molecular dynamics (PIMD) approach and
the accuracy of the approximations used, and will be a much-needed benchmark of these other MD
approaches. The proposed new facility should alow computations with systems of several hundred water
molecules. We will aso collaborate with Dr. G. Galli (LLNL) in these comparisons. There are many
interesting scientific questions concerning the phase diagram of water at higher temperatures and
pressures.

Multiple excitations and systems by design for multicomponent nanosystems, Alex Zunger
(NREL), Alberto Franceschetti (ORNL), Gabriel Bester (NREL).

Experimental sophistication in nanostructure growth has now reached a new high in terms of its
ability to grow dots, wires, and wells of high quality, especially for their crystalinities, purities, size
distributions, and surface passivations. The next experimental frontier is to use these individua building
blocks to make 3D architectures of nanostructure systems. This includes imaginative 3 assemblies of
dots, wires, and wells [D13] into systems exhibiting interactions between the congtituents, leading to new
functionalities. The motivation to assemble basic nanostructure units lies in the desire to demonstrate
devices in the form of “absorbers,” “emitters,” “memory units,” and “spin units,” and to observe novel
collective phenomena. Recent progress made in both the synthesis and characterization of dots and dot
arrays has aready led to new device ideas based on such systems, including the observation of stimulated
emission in INASGaAs dots [D14], colloida CdSe dots [D15], and even S [D16]. New devices include
LED (light-emitting diodes?) [D17], eectronics [D18], and quantum computing [D19]. In the area of
photovoltaics, new proposals exist regarding quantum-dot solar cells [D20]. The challenge faced by
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theorists is therefore not only the understanding of isolated nano objects, but aso 3D architectures of
nanosystems. Another exciting area in nanoscience is multiple excitations. Much like in atomic physics,
the interactions of multiple excited carries (electron and holes) in a nanostructure give very complicated
spectroscopies. Due to the ability to control the overall shape and size of these nanostructures (“artificial
atoms’), the phenomena here are much more rich and the potential applications are enormous (partly
because they are part of the solid system, not gaseous atoms). Also because of the size differences, the
multiple-excitation physics in a nanosystem is very different from the atomic physics; they cover different
physical interaction regions.

In the past ten years, we have developed a systematic approach to calculate the electronic structures
of thousand- to million-atom systems. In this approach, empirical pseudopotentia calculations [D21] are
followed by a configuration interaction treatment [D22] for the multiple-excitation many-body effects.
This approach has been used to study eectronic structures of thousand-atom quantum dots and wires
using thousand-processor NERSC computers. However, the current computer capability limits us to
caculate the eectronic structures of single nanostructures (quantum dots, wires), not assemblies of
nanostructures and devices. It aso limited us to use a small number of configurations (e.g., up to Sx-
electron and six-hole single state levels) in the configuration interaction study. As the number of excited
carriers increases, this becomes a serious bottleneck. Another current trend is to calculate the electronic
properties by design. That is, for a prescribed electronic property to be used as a sensor or as a specialized
material, one wants to calculate the atomic structure, or nanostructure shapes, or architectures, which give
rise to that electronic property. To reach this goal, through optimization algorithms, thousands of high-
fidelity electronic structure calculations are needed for given nanostructures or assembles of
nanostructures. Thus, massive parallel computations are needed.

A computer 40 times more powerful than the current NERSC computer will enable us to do the
following calculations: (1) To calculate the electronic structure of nanostructure assembles, like quantum
dot arrays, devices consisting of quantum dots, wires, and substrates. It will also allow us to calculate the
dectron transports for these devices. (2) To cal culate systems where the many-body effects are critical to
the observed physical properties. This is essential because in a quantum dot, the electron and hole are
physically confined in a small volume; this increases their interactions. For single photon applications, in
order to help the device design, the accurate peaks of the many-body optical spectrum must be known.
Besides, in this area, accurate quantitative results are often needed for qualitative understanding, and the
understanding of such highly accurate and delicate spectroscopy is important. (3) To provide systems by
design for nanosystems containing millions of atoms and multiple components. A high-fidelity prediction
capability like that can fundamentally change the role of theoretical calculations in system design and the
search for new materials.

Our current calculations have proved that we can scale to thousands of processors. What we need is
more powerful processors on each node, and faster communication. The new computer architecture
proposed here suits our needs ideally.

Large-scale many-body simulations of electron transport, optical excitation and excited state
nanomechanics, Steven G. Louie (Berkeley Lab), James R. Chelikowsky (University ¢ Minnesota),
Sohrab Ismail-Beigi (Yale).

Recent advances in nanoscience have opened up new frontiers for scientific research and given
tremendous promise for applications. However, the studies of the structures, properties, and
functionalities of nanostructures pose major challenges for both experimental and theoretical
investigations because of their size. Understanding and controlling these systems, which are in between
the better known molecular and condensed matter limits, require synergetic collaboration between theory
and experiment. In the past few years, computation and modeling have proven to be extremely fruitful in
explaining and predicting the properties of systems such as nanotubes, atomic wires, nanoparticles, and
molecular junctions. However, these studies have been limited to simple systems because of huge demand
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in computational resources. Typicaly, even with the best available methods, the calculations of the
various properties of interest (such as the bonding, mechanical, eectronic, optical, and transport
properties) scale like N to the 3rd or 4th power, with N being the number of atoms in the relevant part of
the nanostructure.

With the availability of the Leadership Class System, we will be able to address a number of major
issues in ranoscience through computation, which have heretofore not been possible because of limited
resources. We propose to carry out ab initio calculations for realistic prototype systems on the following
topics that are central to nanoscience and the future of nanotechnology.

Electron transport through nanostructures. One of the mgor areas in nanoscience is molecular
electronics. Thisfield is driven by the ultimate goal of fabricating electronic devices with novel properties
at the nanoscale, replacing conventional microelectronics. Such future molecular eectronic devices are
likely to be composed of components such as atomic wires, nanotube junctions, or molecular junctions
(i.e., asingle molecule attached to two leads). Calculating the electrical transport through these nanoscale
objects is a mgjor chalenge because it is dominated by quantum effects;, and many-body interaction
effects, such as those due to electron-electron and e ectron-phonon interactions, can play an important
role. An accurate determination of the quasiparticle excitation energies in such systems is a crucia first
step in understanding their transport and tunneling properties. Further, to smulate real devices, one needs
go to beyond linear response and calculate the current-voltage characteristics at finite bias. Finaly, one
requires a sdf-consistent theory for situations with finite current and open boundary conditions,
calculation of forces in the nonequilibrium state, coupling of the current to the vibrationa modes and
other excitations, and determination of the behavior of noises. Recently, the Louie group has developed a
first-principles scattering-state approach to address these issues [D23]. This approach will be used to
study electron transport through atomic wires, nanotubes, and various molecular systems of experimental
interest.

Photoemission and optical properties of nanostructures. The photoemission and optical properties
of nanostructures are significantly altered compared to equivaent bulk systems owing to quantum
confinement and enhanced Coulomb interaction effects. For example, the optical response (e.g., the color
of the luminescence light) of a semiconductor nanocrystal is a sensitive function of its size, which can be
tuned for different applications, and that of a carbon nanotube is aso sensitively dependent on its
diameter and chirality. These changes form the basis for many existing and potential optoelectronic
applications of nanostructures. With the new computational capability, we plan to investigate the
photoemisson and optical properties of severad key nanoscade systems (including nanotubes,
nanocrystal's, and quantum wires on surface steps) by treating the many-electron interactions at the state-
of-the-art level using the GW-Bethe-Salpeter equation approach pioneered by the Louie group and his
collaborators [D24].

Excitations and nanomechanical properties. Another exciting development is the use of induced
structural changes in nanostructures for mechanical applications, for example, employing them as
nanomotors. Owing to the nanoscale dimensions of these structures, such applications involve, in general,
conformation transformation of the system after electronic excitation by either photon or charge injection.
Understanding these phenomena requires knowing the forces on the atoms in the excited state, going
beyond standard ground-state theories. Recent theoretical advances have made possible first-principles
computation of such excited-state forces [D25]. We plan to apply these methods to address previously
computationally inaccessible questions regarding photo-induced conformation changes, |uminescence
spectra, molecular dynamics in the excited state, and the microscopic structure of photo-induced defects
in nanostructures.

Development and validation of predictive computational design of nanostructured materials,
Giulia Galli, Jeffrey C. Grossman, Eric Schwegler, Andrew Williamson, and F.Gygi, LLNL.
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At present, ab initio simulations provide key contributions to the understanding of a rising sea of
measurements at the nanoscale: they provide access to numerous physical properties (e.g. eectronic,
thermal and vibrational properties) at the same time, with a controllable level of accuracy; they
complement experimental investigations that are sometimes controversial and cannot be explained on the
basis of smple models; and they allow to investigate properties that are not yet accessible to experiment.
A notable example is represented by microscopic models of the structure of surfaces at the nanoscale,
which cannot yet be characterized experimentally due to the lack of appropriate real space imaging
techniques. Quantum simulations can not only provide structura models but also deep insight about the
chemistry occurring at nanoscale surfaces and interfaces. .

At present, state-of-the-art first principles molecular dynamics (FPMD) can treat systems with a few
hundred atoms (200-500, depending on the number of electrons and the accuracy required to describe the
electronic wave-functions) and simulation times of 10-100 ps (depending on the size of the systems
involved). State-of-the-art Quantum Monte Carlo (QMC) codes using newly developed linear scaling
algorithms can now enable the calculation of the energetics and optical gaps of sp-bonded systems with
up to 100-300 atoms.

We estimate that in the next few years, agorithmic developments (e.g., linear scaling methods), aong
with the anticipated surge in computational power, will enable FPMD simulations of systems comprising
30004000 atoms for severa picoseconds, as well as of systems comprising 200-300 atoms in the
nanosecond range. In addition, QMC calculations of systems containing several thousand atoms, using
newly developed linear scaling algorithms, will be made possible with unprecedented levels of accuracy.
This will alow one to smulate, e.g., organic/inorganic interfaces found in nanoscae-devices for bio-
detection, transport properties of single-molecule eectronic devices and semiconductor nanowires, the
properties of magnetic systems at the nanoscale and in general of advanced materials.

With the coming of age of first principles theory of matter, as well as the development of powerful
algorithms for quantum simulations, the application of FPMD and QMC techniques will extend far
beyond the traditional fields of condensed matter physics and physical chemistry into biochemistry and
biology. In the next decade we expect quantum simulations to effectively enter the realm of biology and
to tackle problems such as microscopic modeling of DNA repair mechanisms and drug/DNA interactions.
In particular, nearly exact QMC results will represent valuable theoretical benchmarks that may help
overcome some of the current limitations of experimental biology.

Advances in quantum simulations require progress in different areas: (i) theoretical and algorithmic
developments are needed, to improve the accuracy and efficiency of both FPMD and QMC techniques;
(i) code optimizations to adapt to new and changing platform architectures (e.g., Blue GenelL) are
required and often imply tackling complex applied mathematics and computer science issues; (iii) as the
scope and predictive power of quantum simulations become broader, knowledge on how to best use these
techniques in a way fully complementary to experiment and theory needs to be developed and novel
approaches to analyze data obtained from quantum simulations (including visualization tools) need to be
established.

Combustion Modeling

Collaborators: H. Pitsch, Stanford University; A. Trouve, University of Maryland; J. Chen, H.
Najm, J. Olefein, Sandia National Laboratories, A. Ghoniem, Massachusetts | nstitute of Technology;
J. Bell, Berkeley Lab.

Combustion provides more than 85% of U.S. energy. Meeting U.S. energy demands, as well as
environmental concerns, require that power-generation, industrial processes, and transportation systems
operate at higher efficiency with lower emissions. Large-scale computational simulations are essential for
studying the complex interaction of fluid mechanics and chemical processes associated with turbulent
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combustion. These computations typically span a huge range in time and length scales (as much as a
factor of 10°), requiring large and adaptively-managed sets of gridpoints.

Combustion codes typically combine a subset of the following computational techniques:. (1) explicit
finite difference, finite volume, and finite element methods for systems of nonlinear partial differential
equations (PDEs); (2) implicit finite difference, finite volume and finite e ement methods for elliptic and
parabolic PDEs (typically utilizing iterative sparse linear solvers); (3) zero-dimensiona physics (often
heterogeneous in work per point), including evaluation of thermodynamic and transport data, as well as
integration of stiff systems of ordinary differential equations (ODES); (4) adaptive mesh refinement; and
(5) Lagrangian particle methods embedded in finite-difference, finite volume, and finite element (FE)
algorithms.

The computational resources proposed for NFACS will enable combustion researchers to smulate
flames with high-fidelity representations of the governing physical processes. Smulations of this type
will provide the insights needed to understand turbulent flame dynamics, turbulence chemistry
interaction, and pollutant formation. This type of information is key to designing cleaner, more efficient
systems.

For example, NFACs will make it possble to model laboratory-scale turbulent natural gas
combustion with comprehensive chemical kinetics and diffusion transport.

Direct Numerical Simulation

An area that is well-primed to exploit increased computing resources is the exploration of
fundamental turbulence/chemistry interactions in laboratory-scale flames through the use of DNS.
Experimentally validated direct numerical simulation (DNS) results will be critical in the development of
physically based subgrid models used in the larger simulation tools (such as large-eddy smulation [LES)])
that are ultimately required for large-scale component design and system optimization. DNS is equally
critical as an aid to understanding fluid-chemistry interactions at the very basic level. However, reacting
flow DNS applications are currently limited to volumes of the order of a cubic centimeter or less, and are
difficult to compare directly with relevant experimental data for a number of reasons. A key element of
turbulent flow is the “cascade” of energy from the large scales associated with interactions with the
device boundary into the small scales at the Kolmogorov length associated with viscous energy transfer
and flame reaction chemistry. Unless the entire experiment is of the scale of the smulation domain, the
caculation will fail to represent key modes in systems with significant turbulence. As a result, the
turbulence intensity that could be represented is likely to be far lower than the levels of practical interest.
Moreover, such small experiments are extremely difficult and expensive to diagnose.

The range of current DNS applications related to physica experiments is quite limited. Autoignition
studies form one important DNS application involving the fine-scale interaction of reaction chemistry and
fluid turbulence in the high-pressure environment of an internal combustion engine. The full autoignition
problem is presently intractable for theoretical and laboratory investigations, due to the fine spatial and
temporal scales involved and the requirement for very detailed chemica mechanisms to describe the
ignition process. However, recent two-dimensional smulations have been used to model regions too
small to reliably collect experimenta data The work is yielding important new insights into the
mechanisms of hydrogenair interactions, and the proposed NFACS hardware will enable these
simulations to be expanded to accommodate the full range of spatial scales, from those that control the
autoignition process to those that are experimentally observable in laboratory engine experiments,
opening the way for experimental vaidation of the results. Additionaly, the NFACS system will enable
the exploration of hydrocarbon fuels such as nheptane, and the study of ignition problems in the full
time-dependent, three dimensional, high-pressure domains where results can directly impact the
understanding of internal combustion engine performance.
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Low Mach Number Simulations

Low Mach number simulations offer a unique promise as well with this increased computing
capability. When combined with adaptive mesh refinement, low Mach number methods, which
analytically filter away the fast time scales associated with acoustic wave propagation, have been
demonstrated to be effective for smulating low speed flames, typical of most practical combustion
systems, while incorporating detailed models for chemical reaction and molecular transport without
explicit subgrid models. With access to the NFACS facilities, low Mach number methods will used to
simulate laboratory-scale flames using comprehensive chemistry and transport allowing us to probe the
detailed dynamical and chemical properties of these types of flames over the full range of length scales
observed and measured in laboratory flames. These simulations will be able to quantify how turbulence
alters the chemical pathways in the flame and how chemistry affects the turbulent flame speed. At the
most aggressive computing performance levels proposed, advances in capability-class hardware will
enable the prediction of the formation and emission of atmospheric pollutants from such flames, and
understanding how the presence of larger hydrocarbons affects the flame chemistry. Multiphase and high-
pressure aspects can also be incorporated to alow analysis of evaporation and mixing properties of spray
fuelsin aclosed turbulent environment.

Lagrangian-Eulerian Algorithms

Lagrangian-Eulerian agorithms aso have potential for dramatically extending the range of
combustion phenomena that can be modeled without explicit subgrid models. Lagrangian-Eulerian
approaches take advantage of the high resolution and low diffusive errors of Lagrangian methods, and the
adaptive refinement and robustness of Eulerian methods. They are particularly suitable for combustion
simulation because of the wide range of scales that need to be resolved, and the range of physics that must
be modeled. Progress has been made in construction of fast Lagrangian algorithms for solving the
vorticity transport equation, and extending these algorithms to the convection-diffusion-reaction
equations governing reacting flows. The former has been demonstrated successfully in predicting flows at
intermediate Reynolds numbers. Extension to higher Reynolds numbers will require more memory per
processor and longer computational time. Simulations the reacting flows are currently limited to either
smplified chemica reaction models in three dimensions, or extended chemica modes in two
dimensions. With NFACS facilities, we will be able to perform three-dimensional simulations with an
extended-chemistry model. Another areain which computations will be enabled is in the area of unsteady
boundary conditions in which active control strategies are required to improve the overall performance of
aprocess, e.g., efficiency, without compromising other performance measure, that is emissions and noise.
Simulations at higher Reynolds numbers, closer to where actual systems operate, will also be enabled,
leading to better reduced models and practical engineering codes for design.

Large-Eddy Simulations (LES)

In recent years LES of turbulent combustion has received great attention as an attractive method for
modeling of full-scale technical combustion processes. LES has been particularly useful where high
power densities desired for efficiency involve intense turbulent mixing, which in turn is controlled by
scales involving the entire system. Device optimization and the design of novel devices with high
combustion efficiency depend critically on an understanding of the interaction of fluid mechanics and
chemistry. The NFACS facility will enable a broad range of accurate LES simulations based on validated
theory and detailed chemica kinetics that can predict performance and emissions, and are at the same
time suitable and simple enough to be applied in engineering smulations. Applications include
simulations of lifted turbulent diffuson flames, bluff-body stabilization, gas turbines in aircraft and
stationary applications, autoignition in a non-premixed environment, and large-scale pool fires. LES will
also be of mgjor interest for applications in reciprocating engines to investigate phenomena such as
turbulence production by liquid jets, and auto-ignition in direct injected (DI) diesel and homogeneous
charge compression ignition (HCCI) engines. Also for the investigation of early flame development and
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cycle-to-cycle variations in spark ignition (SI) engines, and the dynamic behavior of engines under
variable load conditions, LES will be particularly attractive. Besides these technical devices, LES has also
been recognized to be particularly useful for numerical smulations of accidentd fires, where large-scae
mixing processes are known to be of great importance.

Database Assessment and Data Analysis

A major research issue intimately linked to these research opportunities is the generation of chemical
mechanisms to describe the reactions occurring in combustion systems. Combustion simulations can
involve hundreds to thousands of dependent variables coupled in highly nonlinear ways. Extracting the
relationships between these variables, determining the parametric sensitivity of solutions, and exploring
reduced chemical mechanisms require sophisticated mathematical tools. Of particular importance in this
area are tools such as computational singular perturbation, proper orthogona decomposition, uncertainty
guantification, sensitivity analysis, and techniques that focus on the complexity of coupled transport-
chemica processes in multidimensional reacting-flow simulations. These tools are mature for a limited
range of combustion applications but would become considerably more valuable were facilities such as
the NFACS applied to more physicaly relevant systems with realistic fuels and multiple dimensions.

Detailed combustion smulations are critically dependent on large databases that characterize the
chemical kinetics, thermodynamics and transport of the many species involved in combustion.
Vadlidations of these databases are computationally extremely demanding, particularly in
multidimensional, time-dependent simulations, yet are critical to the success of the simulations and
models. The primary databases in the combustion community for standard hydrogen and hydrocarbon
fuels have been optimized with smplified low-dimensiona configurations but can, with more capable
computing hardware, be updated to incorporate more relevant multidimensional or time-dependent
scenarios.

Technological Barriers

Combustion simulations incorporating detailed chemical kinetics are particularly demanding, as they
involve hundreds or thousands of chemica species and a multiscale response spanning many orders of
magnitude in space and time. However, this set of applications congtitutes a unique category where
projected resources can make possible a significant step towards the reasonable and useful simulation
goas of more tightly coupling detailed smulations with experimental data, developing modeling
strategies that allow a broad range of full-device design and optimization and of improving the lower-
level understanding of detailed chemical interactions with turbulence. The NFACS proposal outlines a
hardware configuration superior in many respects to existing Department of Energy “capacity” based
computing hardware and is certainly capable of providing a platform for dramatic forward progress in
combustion science.

Many combustion-related applications are implemented with multidimensional structured grid
strategies that include block-structured approaches to adaptive mesh refinement. While these types of
caculations inherently have the potentia of being well suited to vector-processing computer hardware,
current high-end “capacity” systems do not allow this key observation to be capitalized on effectively.
The multiphysics nature of the problem implies the use of a broad variety of numerical kernels. The poor
cache performance associated with sparse, multidimensional data access patterns and extremely
demanding paralel communication requirements limit the peak achievable performance of these
simulations with existing hardware. Moreover, as smulations with detailed chemica fidelity generate a
massive volume of data to be analyzed, parallel 1/0 issues are paramount. Although the capability-class
machines currently available do support a broad range of Department of Energy research, the proposed
NFACS configuration represents a solution much more tightly coupled to the needs of combustion
smulations with detailed chemistry.
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Historically, advances in computing hardware are most advantageous when coupled with software
and agorithm enhancements. Low Mach number simulation capabilities represent an example of a class
of useful problems where an increase of more than five orders of magnitude in problem size was realized
through the combined use of asymptotic analysis and adaptive mesh refinement. Although simulation
methodologies are available for many of the computational problems posed here, additional development
is required to harness the power of both existing and new computer architectures for these problems. One
critical area of research is scalable algorithms for multiphysics reacting-flow problems. Particular issues
in this area include the development of scalable solver techniques for variable coefficient and nonlinear
implicit systems for grid-based discretizations and the development of improved load-balancing strategies
for heterogeneous workloads. Substantial capability increases can aso be achieved by developing
improved discretization procedures that not only provide improved representations of the basic physical
processes but also improve the coupling between these processes. Performance analysis tools, usable in
complex multiphysics applications, are vitally important for achieving significant percentages of peak
hardware performance. Finadly, petabytes of storage for both cached and archived data will aso be
needed for the massive amounts of resulting sSimulation data to be analyzed.

Fusion Energy

Collaborators: S. Jardin and W-L. Lee, Princeton Plasma Physics Laboratory; R. Cohen, LLNL;
C. Sovinec, University of Wisconsin.

Fusion energy research is a crucia part of the DOE mission. In last year's report on DOE facility
priorities for the next twenty years [D26], the International Thermonuclear Experimental Reactor (ITER)
fusion experiment was the number one near-term priority, and three other fusion facilities appeared
among the mid- and long-term priorities. Furthermore, the report states that computational simulation
capability is expected to be vital to the success of the ITER experiment. Computational simulation
supports experimental fusion research not only in the design of experimental facilities, but also in anaysis
of the resulting data and the development and vaidation of theory.

Some significant problems in magnetic-confinement-fusion reactor simulation for which major
advances can be made with the next-generation of computing capability are:

global stability of plasma confinement
plasma microturbulence

pellet injection

edge plasma physics.

The computational methodologies that are used for these problems have been well developed in the
fusion community. For many problems, future progressis limited by insufficient resources to perform the
desired calculations in a reasonable time. In some areas, the requirements are driven by the need to
integrate multiple models to produce accurate simulations of more complex physics. (An integrated
simulation is usually more computationally expensive than the sum of its components.) In other areas,
model and agorithm development is the key requirement. These needs call for a future computational
capability that is balanced between raw performance and ease of use.

The ultimate goal of a complete, integrated, computational simulation d a fusion reactor is beyond
the capability of any feasible computer system in the near term, so progress in fusion research will focus
on isolated component problems. Some of these problems are described below.

Global stability. Globa stability of the plasma confinement is an essential ingredient of a working
reactor. Simulating the onset and evolution of instabilities and predicting confinement failure is
particularly difficult because of the large range of time and length scales and high anisotropy of the
plasma. Extended magnetohydrodynamic (MHD) models with coupled transport, multiple fluids, and
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kinetic turbulence are required. Future computationa requirements are driven by the need to increase
spatial and tempora resolutions, simulate longer time periods, replace ad hoc approximations with
models, and perform more simulations with varying parameter values. Algorithmic improvements in
adaptive mesh refinement methods and advanced nonlinear solvers (particularly for stiff equations) are
needed to mitigate the cost of these increases. The state of the art in extended MHD simulation is
represented by the codes M3D and NIMROD. Typical solution times at the limit of current resources are
on the order of 10" processor hours. A reasonable goal for future performance on LCS-1 would be to
increase per-processor performance by a factor of 10-15 and increase parale efficiency by 10-20% on
2-3 times as many processors, for a total increase of 20-125 times current performance. This would
allow, for example, for doubling the resolution in three grid dimensions and time, tripling the length of
simulated time, and running twice as many parameter values, at the same time as improving model
fiddlity.

Plasma microturbulence. The behavior of a fusion reactor is strongly affected by the balance
between the heat generation of the burning plasma and the heat loss from electromagnetic turbulence.
This behavior impacts the design and cost of the reactor, asit affects both material strength and cooling.
Current practice is to extrapolate properties from existing reactors to newer, larger reactors; one of the
goals here would be to smulate large experiments such as ITER directly.

One of the principal codes for performing such simulations is the GTC code, a 3D particle-in-cell
(PIC) method using an electrostatic model capable of simulations with 10° particles, 10° grid points, and
10° time steps on available computers. It scales well to 2,000 processors and achieves 10-15% of pesk.
Current computational resources constrain simulations to have less than the desired resolution, simplified
geometry, reduced physics, and fewer parameters. Increased capabilities are needed for al these
congtraints. For example, improved models will need to include electromagnetic dynamics, global
turbulence, and kinetic equation dynamics in shaped plasmas. In addition, efficient finite-element and / or
finite difference dliptic solvers are needed. Roughly 10 peak teraflop/s are required to perform such
smulations at the device scale.

Pellet injection. The fud in a fusion reactor must be replenished as it is consumed by the fusion
reaction. Thus the mechanism for injecting fuel into the reactor is of major importance in the design and
operation of the reactor. For example, it has been observed that the angle of fud injection has a strong
effect. Current simulation capabilities do not satisfactorily predict the behavior of the injected fudl,
specifically the density distribution after the pellet ablates in the high-temperature plasma.

Solutions to this problem depend on the ability of the MHD simulation to accurately model the mass
distribution along and across the magnetic field lines and flux surfaces. The adaptive mesh refinement
methodology is extremely advantageous to this problem, providing over two orders of magnitude in
performance gain over nonadaptive meshes. Necessary improvements in MHD simulation capability
involve highfidelity treatment of the plasma geometry, implicit treatment of stiff anisotropy of heat
conduction, hybrid fluid/kinetic and multifluid models. These will require some improvement in spatial
resolution and much longer simulation times, which will increase computational requirements by several
orders of magnitude.

Edge plasma physics. The edge plasma modd is vitally important in smulating a burning plasma. It
affects the physical wall of the confinement vessel, the production and transport of impurities from the
wall into the plasma, and the inventory of tritium in the reaction core. Progress in this area requires
improved coupling of constituent models, especialy in kinetics, atomic physics, and complex geometry.
The wide range of length and time scales that must be modeled presents a significant demand for
computational resources. A key accomplishment in this area will be the prediction of the structure of the
so-called "pedestal” (a region of rapid radia variation of temperature and density) in the plasma edge.
The pedestal height has alarge impact on reactor performance and is the source of significant uncertainty
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in current reactor models. With current computational resources, solution times exceed 2,000 processor
hours. Future requirements are similar to those for global stability and plasma turbulence described above.

Climate Modeling
Coallaborators: W. Collins, NCAR; I. Fung, UC Berkeley; DOE SciDAC Climate Team.

Understanding the effect of human-induced changes to the composition of the atmosphere on the
climate system is one of the most compelling scientific missions of our time. Largely a result of energy
production, these compositional changes have been demonstrated to have a detectable influence on many
aspects of the climate system. Computer modeling is an important tool in the detection and attribution of
recent climate change and is the principa vehicle to make predictions regarding future climate change.

Current state-of-the-art climate models are a complex coupling of models of the major climate
subsystems. Present-day submodels describe the atmosphere, ocean, seaice, and land systems. The large
computational burden required to adequately describe any of these subsystems forces compromises to be
made both in sophigtication and fidelity. Advances in computing technology permit better smulation of
the climate system by alowing the inclusion of more processes relevant to climate behavior, as well as
more highly resolved discretizations of the climate subsystems. Trends in both of these aspects of climate
modeling increase our understanding of human-induced effects on the recent past climate and reduce the
uncertainty in our predictions of future climate change.

Uncertainty in climate change prediction has many sources, each of which may be better addressed
with more powerful computers. The naturally chaotic behavior of the coupled climate system implies an
internal uncertainty that may be quantified by performing ensembles of datistically independent
simulations. As computer power is increased, larger ensembles may be performed to increase the
satistical significance of predictions. Future human behavior is aso uncertain, as many different energy
usage scenarios are plausible. Investigation of many different future forcing scenarios by ensemble
integration can provide vauable information to policymakers as to how they differ. Findly, the
deficiencies in climate models' abilities to reproduce the recent past climate are a sizable contributor to
the uncertainty in predictions of the future. Addition of important processes, as well as significant
increases in spatial resolution, are necessary to increase confidence of future climate change on regional
scales.

Climate codes solve equations of hydrodynamics, radiation transfer, thermodynamics, and chemical
reaction rates. Current approaches are marked by finite difference calculations acting on fairly regular
gpatial grids, requiring high main memory bandwidth. Fast Fourier transforms (FFTs) of a short length are
also used in current models, athough these may be replaced in the future. Scalability of individua
simulations tends to be poor relative to other advanced scientific applications, athough the ensemble
requirement provides an embarrassingly parallel dimension to increase scientific throughput. 1t should be
noted that existing seaice and land codes are difficult to vectorize.

The DOE Office of Science's Climate Change Prediction Program (CCPP) is a highly coordinated
activity. Many of the CCPP-funded DOE l|aboratory personnel support the Community Climate System
Model (CCSM3) developed at the Nationa Center for Atmospheric Research (NCAR) in Boulder,
Colorado. The latest version of this code, scheduled for public release in June 2004, will be the principal
model used to produce the United States contribution of simulations of past and future climate to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change. These simulations will be
the most significant consumer of compute cycles alocated to the U.S. climate modeling community at the
unclassified DOE computing centers.

The development and release of CCSM3 has been an intense mgjor effort for several years. It is
expected that such activities over the next severa years will be of a more evolutionary nature. Certain
areas targeted by the CCSM Scientific Steering Committee are of particular interest to DOE
programmatic objectives and will benefit from a sustained 50 Tflop/s machine. The interaction of
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atmospheric aerosols with the climate system is a particular strength of CCSM. Multiple ensemble
simulations will allow the effects of different aerosol forcings to be isolated and quantified. The next
generation of climate models, including CCSM, must include a full smulation of the carbon cycle. The
complexity of the model will be increased substantially by the representation of biogeochemical and
ecosystem processes. Corresponding increases in compute demands will follow.

Current-generation climate models are quite good at characterizing large-scale features of the
atmosphere and ocean down to the continental or basin scale. However, assessment of the consequences
of potentia future climate change requires confidence in the model at much finer scales. Significant
increases in resolution are required for this to be achieved. The tentative release version of CCSM3 will
consist of an atmospheric model with a horizontal T85 spectral truncation (approximately 1.4 degrees at
the equator) and an ocean model with an approximately 1 degree mesh. Strong cases can be made for
increases of a factor of 10 in each of these horizontal resolutions, resulting in an increase in the
computational burden by afactor of 1,000. While the machine proposed here will not take the model this
far, significant new physics can still be addressed. For instance, using a scaling model that adequately
describes an increase in spectral truncation between T42 and T85 and the transition from Power3 to
Power4 architectures, it is estimated that on the Power6+ the truncation may be increased to T340
(approximately 0.35 degrees) with a turnaround time of five smulated years per compute day using 512
processors. Such resolution captures features important to regional scales and provides a much better
representation of individual storms and other extreme events.

Although the scalability of single runs of climate models to a large number of processors is limited,
large compute facilities such as that proposed here are necessary to the DOE climate change research
mission. In a given configuration of model and forcing sets, the current ensemble size of four smulations
must be increased to ten or more to adequately quantify the output satistics. As model complexity
increases, the number of individual forcing sets (currently five: greenhouse gas, sulfate aerosol, ozone,
solar, and volcanic) will increase greatly, furthering the need for more individua and combination
smulations of the recent past. Ensemble integrations of future scenarios have been even more limited and
further the demand for compute cycles. Inclusion of a predictive model of the carbon cyclein CCSM3
furthers the need for more ensemble ssimulations. As demand for climate model output increases from the
analysis community, it is clear that “capability” in this field is synonymous with “capacity” in that many
more runs than presently performed are required to quantify and reduce prediction uncertainty.

Astrophysics

Collaborators. M. White and R. Klein, UC Berkeley; E. Baron, University of Oklahoma; T.
Mezzacappa, Oak Ridge National Laboratory; J. Borrill and P. Nugent, Berkeley Lab; D. Swesty and
E. Myra, SUNY Stony Brook.

The study of astronomy — the study of the Universe as a whole and of its component parts, past,
present, and future — is surely one of the earliest sciences pursued by mankind. Its origins are intimately
tied to our search for understanding who we are and what our existence means — whence, astronomy’s
age-old links to philosophy and religion. But more recently (within the past half millennium) astronomy
has played a central rolein the rise of science as an experimental and deductive activity and, in the hands
of luminaries such as Galileo and Newton, in the rise of physics as the fundamental physical science. This
evolution is also marked by the words used to describe the field today: “Astronomy” tends to refer to the
more descriptive aspects of the subject, while “astrophysics’ is used to describe activities related to the
use of physical sciences (including both physics and chemistry) as explanatory tools for what astronomers
observe. Furthermore, astronomy is now intimately linked to virtually all other sciences. For example,
physicists study the nature of fundamental interactions by looking at the evolution of the very early
Universe and by studying the properties of highly evolved stars — exploding stars (e.g., supernovae),
white dwarfs, and neutron stars. Biologists and chemists are examining the origins of life by considering
the organic chemistry of the interstellar medium (ISM). Geoscientists interested in the origins of the
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planets are collaborating with astronomers who are finding numerous planetary systems orbiting nearby
stars. The profound connections between astronomy and astrophysics and some of the deepest questions
faced by mankind — What is the origin of al matter and energy? What is the fate of the Universe? What
is the nature of space and of time? — continue to this day. The very recent discovery of dark matter, dark
energy, and the accelerating Universe is but one example.

Impact on Science and Society

Certainly no physical science has succeeded in attracting the enthusiasm and interest of the public to
the degree that astronomy and astrophysics have. Astronomy clubs filled with young and old enthusiasts
are found everywhere in the United States, and astronomy is commonly discussed in the mass media,
from newspapers and news magazines to radio and television. It is the only science to have spawned its
own literature genre, science fiction, and its own federal agency (NASA) via its intimate links to the
space sciences. And it is unique among the sciences in playing arole in virtualy every federa agency
supporting scientific research. Many of the most important areas of modern physical sciences — special
relativity theory, gravity and the general theory of relativity, quantum mechanics (including
nucleosynthesis and spectroscopy), plasma physics — grew out of research motivated by or related to
astronomica questions. Even in the computational realm, astronomy stands out. It was the first physica
science to demand computation. The ability to predict the seasons, notable events such as lunar and solar
eclipses, and the motion of the planets, hinged on the ability to compute, and the ambition and scope of
some of the ongoing and planned astrophysical simulations are arguably unequaled in science. Indeed, as
was recognized by both the DOE/NNSA ASCI Advanced Simulation and Computing and DOE/SC
SciDAC programs, some of the most important problems in modern astrophysics, such as the
establishment of the Universe's distance scale and the nucleosynthesis of the iron peak and heavier
elements, can only be broached via“grand challenge” smulation capabilities.

One of the practical consequences of this deep connection between astronomy and the popular
imagination is that astronomy and astrophysics have proven to be a strong recruiting tool for attracting
students into the physical sciences. This is an essential wint in a time when the physical sciences are
finding it increasingly difficult to attract “the best and the brightest” of the youth of the United States.

Scientific Opportunities

Astronomy and astrophysics can be said to suffer from an abundance of research opportunities. Aswe
probe the Universe using more and more sophisticated technology, the number of profound (and as yet
unanswered) questions has actually increased rather than decreased. In the following, traversing all scales
in the Universe, we illustrate by example the richness of the questions and problems faced by modern-day
astrophysicists. In all cases, simulations have played a centra role in the past. This continues in the
present, and is sure to be the case in the future.

Stellar Evelution

Siellor Death
Suparnivoe and Gomma-Raoy Burk

Massiron Siory and Blodk Hole
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Large-Scale Structure and Cosmology. Largely as a result of a new generation of technologically
advanced ground-based and space-based optical and microwave telescopes, study of the large-scae
properties of the Universe, and especidly of its formation, have made enormous advances over the past
decade. We have now entered the age of “precision cosmology.” Most important, virtually al phases of
the Universe, from its earliest moments to the present, are now thought to be susceptible to modeling and
simulation, whose aims are to connect what is observed in the distant past to what is observed now in our
corner of the Universe. Furthermore, important new cross-disciplinary areas of science, such as particle
astrophysics and the physics of quark-gluon plasmas, have led to entirely new sets of questions to be
addressed, for which simulation will play an increasing and ever more essentia role. These are areas in
which the frontiers of astronomy and of physics coincide, and where we are as yet uncertain about the
most basic laws of Nature. Much of what is of interest occurs under highly nonlinear circumstances, and
therefore, smulation is an essential means by which theoretical progress can be made.

Galaxy Formation and Interactions. Over the past decade, we have increasingly realized that the
nonlinear stages of the formation of large-scale structure in the Universe, while seeded at the time of
creation, followed in time the formation of much smaller-scae structures, namely galaxies. Studies of
individual galaxies, aswell as their interaction in clusters, will continue to be carried out in concert with a
major revolution in observations of these systems, which now use xrays (to trace hot cluster and
interstellar medium gas), optical emissions (to trace the stars), IR (to trace the cold “baryonic” matter,
composed of protons and neutrons, in ISM clouds), and radio (to trace the interactions of the cosmic
microwave background photons with the hot eectrons in the cluster gas). These interactions between
theory and observations now demand much of theory, well beyond the ssimple models of just afew years

ago.

Star Formation. Simulations have played a centra role in driving our modern understanding of how
stars and planetary systems are formed. Using modern x-ray, infrared, and radio telescopes, astronomers
have been able to penetrate the interstellar dust clouds that have long hidden from view the physica
processes leading to gravitational collapse of interstellar gas and star formation. Simulation has moved us
to the brink of being able to put the observations into a unified physical theory of star and planet
formation that will alow us to predict the variety of planetary and stellar systems to be found in the
Universe. One of the most exciting areas in which computations play an important role is in
understanding the variety of evolutionary paths for planetary systems. Why do the gas giant planets in our
solar system sit in well-behaved orbits far outside the orbit of the Earth, while in many observed
extrasolar planetary systems, gas giant planets are found at distances from the parent star even less than
the distance between the Earth and the Sun, or in sweeping eliptical orbits? Ultimately, these models
should allow us to predict the frequency of potentially life-bearing planets in our galaxy, as well as to
understand the origins of our own Earth and Sun.

Stellar Evolution. The evolution of stars is marked by a gradual consumption of the interior nuclear
fuel and, in rotating stars that have internal convection layers, by a constant level of transient energy
release mediated by interna magnetic fields. stellar “activity.” Our understanding of these processes
relied in the past largely on one-dimensional (spherically symmetric) evolutionary models of stars. It is
only recently that state-of-the-art, large-scale, multidimensional stellar evolution simulations have been
attempted, elucidating new physics. For example, convection is known to play a crucial role in regulating
both the internal distribution of angular momentum in rotating stars and the generation of internal
magnetic fields as part of a stellar magnetic “dynamo.” Large-scale simulations are at the heart of trying
to understand these processes. The ultimate release of magnetic energy (leading directly to transient
optical, ultraviolet (UV), and xray emissions, and the acceleration of high-energy cosmic rays) also
remains to be understood. And simulations of processes such as magnetic reconnection form an important
bridge between astrophysics and the plasma sciences. This subject area has particular relevance to us for
immediate, practical reasons. The magnetic activity of the star closest to us, our Sun, is known to have
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conseguences for the Earth’s environment (“ space weather”) and is strongly suspected to influence global
climate change.

Stellar Death. The death of stars through spectacular stellar explosions known as supernovae
produces many of the elements in the Universe necessary for life and serves as “standard candles,”
illuminating fundamental and profound aspects ¢ our Universe, such as its geometry, content, and
ultimate fate. Most recently, through gamma-ray and x-ray observations of the long-puzzling gamma-ray
bursts (extremely bright and energetic bursts seen at cosmological distances throughout the sky), an
indisputable association between these bursts and supernovae has been made. In addition to their place in
the cosmic hierarchy, the extremes of density, temperature, and composition encountered in supernovae
provide an opportunity to explore fundamental nuckar and particle physics that would otherwise be
inaccessible in terrestrial experiment: Supernovae serve as cosmic laboratories, and supernova models are
the bridge between observations (bringing us information about these explosions) and the fundamental
physics we seek. In addition, proposed large-scale terrestrial experiments such as the Rare Isotope
Accelerator, a priority for the U.S. nuclear physics community, and the proposed National Underground
Science and Engineering Laboratory are both significantly motivated by supernova science. Much work
remains to elucidate the mechanisms for stellar death via explosion. With the advent of robotic telescopes
designed to maximize the success rate of finding supernovae, coupled to the use of large-aperture
telescopes to measure the detailed spectra of the exploding stars, theorists are faced with new
opportunities for detailed testing of supernova models. The consequent demands on simulation will be
severe. And we now stand at a threshold. The Laser Interferometric Gravitational Wave Observatory
(L1GO), an NSF-funded gravitational wave detector, is on line, along with other detectors around the
Globe. Galactic supernovae are among the sources expected to generate gravitational waves in LIGO's
bandpass. A detection by LIGO would be the first direct evidence of gravitationa waves and the dynamic
nature of spacetime as an active, physical fabric and participant in Universal phenomena (and not smply
avoid in which phenomena occur).

Numerical Relativity. Relativity has long had an intimate connection with astronomy and
astrophysics — consider Eddington’s classic observation of light from stars bent by the gravitationa field
of the Sun, the first experimental test of Einstein’s theory of general relativity (GR), carried out near the
beginning of the 20th century. Much of the experimental data relevant to genera relativity could, until
recently, be captured by relatively simple approximations of the full Einstein field equations. However,
with the (indirect) discovery of gravitational radiation from binary pulsars (leading to a Nobel prize for its
discoverers), the redization that highly nonlinear aspects of GR may have astronomical verification has
led to a major experimental effort to detect transient gravitational waves (e.g., LIGO). Key to success will
be a firm understanding of the physics leading to the gravitational radiation in the first place, and
smulations of promising events such as black hole mergers and neutron star mergers are proceeding
apace. Thus, much as cosmology has done over the past decade, relativity seems poised for a similar
advance to “precision GR.”

Research Issues
There are several cross-cutting issues that recur in virtually al of our subfields of astronomy:

M ulti-Scale Phenomena. Asadluded to earlier, the dynamic range in both time and space for typica
astrophysical problems can be enormous, and for this reason the practicalities of effective computing
require the development of subgrid models that correctly describe the physical processes not directly
simulated. Subgrid modeling is a science in its own right, and requires a judicious combination of
theoretical work (in both physics and applied mathematics) and experimental studies that allow one to
validate the model. Specific subgrid nodels that have to be developed to make progressin
“cornerstone areas’ are discussed below.

M ulti-Physics Phenomena. Many astrophysica problems involve a broad range of physical
processes, not al of which can be captured by a single closed set of evolution equations. The
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successful coupling of distinct evolution equations, each describing a particular physical phenomenon
or process, is gtill an art rather than a science. It is aforefront research areain its own right. Examples
include (1) the coupling of N-body particle and single- or multi-component fluid equations (in
cosmology and galaxy formation/interaction studies); (2) the coupling of photons or neutrinos to
hydrodynamics (i.e., radiation hydrodynamics) in a completely self-consistent manner (in core
collapse supernovae and gamma-ray burst modeling);, and, at an even greater separation of scales, (3)
the coupling of neutrinos to stellar core nuclel in supernovae, which requires both state-of -the-art
macroscopic neutrino transport and microscopic nuclear structure modeling.

Large-Scale Structure and Cosmology. Key to progress is the development of a subgrid model for
star formation. (In this case, the term “subgrid modd” is obviously much more encompassing than is
usualy meant by the term in fluid dynamics.) At present, large-scale structure simulations treat stars as
point masses and do not make any attempts at modeling the details of their formation. However, issues
related to details of star formation, including the “birth mass function” of stars, are essential for correct
prediction of the large-scale distribution of galaxies by luminosity, morphology, etc. Here, observationa
data (e.g., from the Sloan Digital Sky Survey) will be of great help in building these requisite models.

Galaxy Formation and Interactions. This research area requires the development of a subgrid
model for stellar evolution, from stellar birth through stellar death via supernovae. Challenges include (1)
the incorporation of feedbacks to the interstellar and intergalactic media (via stellar winds and supernovae
and their gecta, and the radiation fields that accompany these phenomena), (2) the correct treatment of
magnetic fields (in terms of their influence on both dynamics and energetics), and (3) energetic particles
(interms of both their origins and their dynamical consequences).

Star Formation. The challenge for this area of research is to span the dynamic range from star-
forming clouds of interstellar gas covering many light years, to stars and planets of sizes of thousands or
tens of thousands of kilometers. The problem involves hypersonic turbulence, magnetohydrodynamics,
sf-gravity (solution of the multidimensiona Poisson equation), chemical networks, and
multidimensional radiation transport, as well as “dusty” plasmas, coupled to the ionization structure of the
interstellar gas. Because plasma conditions (temperature, density, ionization state, magnetic field
intensity) vary enormously in the physical regions of interest, it is not likely that a single evolution
equation that correctly describes the physicsin al regimes can be constructed. Instead, the challenge isto
couple correctly, distinct evolution equations operating in distinct physical regions. Current models treat
cloud formation, dense-core formation, star formation, and planet formation independently and with
major approximations to the physics. Future hardware and future software developments must alow
coupling of the different scales and improvement of the physics at each scale.

Stellar Evolution. The challenge here is to develop 3D models incorporating convection, interior
rotation, pulsation, (nuclear) chemistry, radiation (both photon and neutrino), and magnetic fields, and to
integrate the resulting equations on time scales comparable to a star’s lifetime. The dynamical time scales
(for convection, for example) are enormoudy smaller than the evolutionary time scales, but at times (e.g.,
during “shell flashes”), these time scales can become comparable. Hence, a single scheme for integrating
the stellar evolution equationsis unlikely to be successful. Hybrid schemes need to be developed.

Stellar Death. In the case of Type la supernovae, the key missing ingredients for correctly describing
the explosion mechanism are a subgrid model for the deflagration (flame front) to detonation (shock
front) transition (now “subgrid” is meant in the traditional sense used by fluid dynamicists) and the proper
use of mesh refinement to make the smulations feasible. In the case of core-collapse supernovae, the key
issue isto develop a 3D, multifrequency, multiangle radiation (neutrino) transport capability. The anaysis
of both the simulation data and the observationa data (in order to alow comparison of time-resolved
spectra and light curves) are computational chalenges in their own right. Three-dimensional,
multifrequency, multiangle radiation transport is aso needed here in order to connect simulation data with
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observationa data and to remove systematic errors in supernova “standard candle’ determinations of
cosmological parameters.

Numerical Relativity. The challenge is to follow numerically black hole mergers and neutron star
mergers sufficiently long to understand the geometrodynamics of spacetime around such mergers and to
predict the gravitational wave emission through al inspiral phases. On atechnica level, these smulations
will present many of the challenges presented by supernova smulations, with the added complexity that
the state of applied mathematics for numerical solution of the Einstein field equations seriously lags that
for the PDEs that describe radiation magnetohydrodynamics.

Astrophysical Data. The benefits of the digital revolution have aso led to significant costs, mostly
driven by the fact that the increased data-capturing capabilities (from both telescopes and simulations)
have led to aflood of new data, challenging both our ability to distribute and store/archive the data, and to
analyze them effectively. Thus, the Sloan Digital Sky Survey has aready produced a multi-terabyte data
set. The Large-aperture Synoptic Survey Telescope (an 8m class telescope with a 2.3 gigapixel CCD)
will yield yet larger data sets. And the anticipated very-large-area optical telescopes (with diameters of 30
meters or more) will trump even these data sets. In all of these cases, it is widely appreciated that without
paying sufficient attention to data handling, effective utilization of the new data (whether observational or
computational) will not occur. In part, this is an issue of computational infrastructure (e.g., storage,
networking, and analysis engines and displays), but in part it relates to the “middieware’ required to make
the data usable over long periods of time — well-defined data-interface and data-structure standards and
the tools for making al this available over the network (e.g., Grid technology).

Technology Barriers

Capacity versus Capability Computing. The state-of-the-art supercomputers available to
astronomers today are largely oversubscribed, especially for large ssmulations that require full use of the
entire machine. Thus, queues for large smulations can be discouragingly long, leading to very long turn-
around times for runs. Doing physics — exploring the control parameter space of models by repeated
simulations — becomes essentially impossible. While capability computing hardware must certainly be
developed to address the target science discussed above, the present situation clearly indicates that future
plans for compute engine resources must be designed for both capability and capacity.

Memory Size and Bandwidth. Significantly increased memory bandwidth and, more important, a
balance between processor speed and memory bandwidth, is the single most desired characteristic of
future architectures across our science subareas. Moreover, for many forefront astronomy simulations,
memory size is a paramount issue as well. For example, for many cosmologica N-body as well as
supernova simulations (the latter using the adaptive mesh method), current limits on the “in-core”
memory are the principal constraint on the size of the problems that can be addressed.

Communication Bandwidth. Global reduction operations are at the heart of many of the solution
algorithms we use. For example, these operations are required to perform the inner product computations
in iterative Krylov subspace methods for the solution of the large, sparse linear systems of equations that
arise in radiation transport applications. Large communication bandwidth will significantly reduce the
wall clock time needed to perform such global reduction operations.

Algorithms. In astrophysics simulation, spatial and tempora dynamic ranges of 10 to 15 orders of
magnitude are possible, and raw compute power often buys only a factor of 5. Thus, agorithm
devel opments, much more so than leaps in hardware capabilities, will be key to performing successfully
the ambitious simulations outlined here. For example, the development of (a) efficient MPP-based
multigrid solvers (e.g., for the solution of the Poisson equation for the gravitationa potential) and implicit
solvers (e.g., for the solution of our radiation transport equations), both on AMR meshes, (b) methods for
adaptively varying the time integration scheme (from fully explicit to fully implicit) as the situation
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demands, and (c) scalable methods to perform global reduction operations are examples of agorithmic
advances that would have profound effects on the efficacy of astrophysics simulations.

Parallel 1/0. There are substantial efforts underway to improve the performance of paralel 1/0O,
which has been one of the maor bottlenecks in degrading “wall clock” performance on massively paralle
machines (MPPs) (MPMs?). But these efforts have not yet succeeded in widening the bottleneck.

Validation. Because of limited resources, much of the astrophysical code development in the open
computing community does not receive the proper level of code validation. By “code validation” we do
not mean bug checking (“verification”) but, rather, an assurance program that a given code accurately
reproduces experimental results for values of the dimensionless control parameters that coincide with the
expected regime of validity of the code. A key scientific goal of laboratory astrophysics is indeed to
provide the experimental data for validating astrophysical codes.

Resources Required

“Hard” Resources. It is relatively straightforward to describe the key characteristics of the next-
generation of astrophysics simulations, virtually independent of the particular subfield: There will need to
be orders of magnitude increases in resolution and (spatia and temporal) scales covered (relative to
existing 3D simulations). The new 3D simulations will include significantly more physics (eqg.,
sophisticated radiation transport, cosmic magnetic fields). The use of adaptive meshes will see extensive
use. And there will be a move towards mixed or fully implicit time-integration schemes (in order to
handle both longer physical time scales and physical processes such as radiation, which cannot be
effectively treated with explicit schemes). All of these attributes of the next-generation simulations have
implications for future computing demands. Compute engines with (a) 50 Tflop/s to 10 Pflop/s sustained
speeds, (b) large memory per processor, (c) large total memory (> 10 TB), (d) significantly increased
memory bandwidth, and (e) significantly increased communication bandwidth (increased performance for
global communications in particular) will be needed. Petabytes of storage for both cached and archived
data will also be needed, as well as network throughputs > 100 Gbps on al networks (both local- and
wide-area networks). Moreover, dedicated paths and bandwidth on demand will be essential for effective
interactive and collaborative visualization, particularly involving researchers at geographically distributed
sSites.

Metrics of Success

The metrics of success are straightforward: In each of the subfields of astronomy, the aims of
smulation are well-defined. “Success’ will be measured first and foremost by the extent to which the
simulations reproduce the myriad observations and the extent to which they provide a theoretical
framework within which &l observed phenomena can be understood. In addition, it can be strongly
argued that the extent to which validation of astrophysical codes is successful can be used as a further
metric of success of the computational astrophysics program. The extent to which applications in
computational astrophysics drive the development of “fundamental” application areas, such as
computational  fluid dynamics and magnetohydrodynamics, radiation transport and radiation
hydrodynamics, etc., which are of relevance to many application areas across the DOE Office of Science
and across federal agencies, will dso be a key measure of success. Findly, the extent to which
computational astrophysics as an application area helps “bring up” the next generation of computational
scientists in the U.S. will be another key measure of success.
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D.3 Letters of Support from Collaborators

Berkeley Lab's proposal to establish NFACS has generated enthusiastic support within
the national scientific research community. Below isalist of researchers who have contributed
letters of support, which are included in this section.

Leadership Computing Consortium
Nicholas M. Donofrio, Senior Vice President, Technology and Manufacturing, IBM
Donal. Crawford, Associate Director, Computation, LLNL

Rob Pennington, Interim Director, National Center for Supercomputing Applications, University of
Illinois at Urbana-Champaign

Francine Berman, Director, San Diego Supercomputer Center and NPACI, Professor and High
Performance Computing Endowed Chair, University of California, San Diego

Rick L. Stevens, Director Mathematics and Computer Science Division, Argonne Nationa
Laboratory, Professor, Department of Computer Science, University of Chicago

Rick L. Stevens, Distributed Terascale Facility, Project Director, Department of Computer Science
Research Institute, The University of Chicago

Edward Seidel, Floating Point Systems Professor of Physics and Computer Science, Louisiana State
University

Ruzena Bajcsy, Director, Center for Information Technology Research, In the Interest of Society
(CITRIS), University of California, Berkeley

David H. Bailey, Leader, SciDAC Performance Evaluation Research Center, Computational Research
Department, LBNL

Moe Khaleel, Director of Computational Sciences and Mathematics, PNNL
Jonathan Ormes, Director of Space Sciences, NASA Goddard Space Flight Center

Leadership Class Application Teams

Nanoscience
Raoberto Car, Professor of Chemistry, Princeton University

David Ceperley, Professor of Physics, University of Illinois-Urbana Champaign

GiuliaGalli, Quantum Simulations Group Leader, Physics & Advanced Technologies, LLNL
Steven G. Louie, Professor of Physics, University of California, Berkeley

Alex Zunger, Ph.D. Research Fellow, National Renewable Energy Laboratory

Combustion
John Bell, Group Leader, Center for Computational Sciences and Engineering, LBNL

Ahmed F. Ghoniem, Professor of Mechanical Engineering, Massachusetts I nstitute of
Technology

Heinz Pitsch, Assistant Professor, Department of Aeronautics and Astronautics and Mechanical
Engineering, Flow Physics and Computation Division, Stanford University

Larry A. Rahn, Senior Scientist, Combustion and Physical Sciences, Sandia National
Laboratories, Livermore

John N. Shadid, Computational Sciences Department, Sandia National Laboratories, Albuquerque



Arnaud Trouvé, Associate Professor, SciDAC Project Leader, University of Maryland

Fusion
Stephen C. Jardin, Director, SciDAC Center for Extended Magnetohydrodynamic Modeling,
Princeton Plasma Physics L aboratory

William M. Tang, Chief Scientist, Princeton Plasma Physics Laboratory
Ronald Cohen, Associate Program Leader, Fusion Energy Program, LLNL

Carl Sovinec, Assistant Professor, Department of Engineering Physics, University of Wisconsin-
Madison

Climate
William D. Collins, Chair, CCSM Scientific Steering Committee, NCAR
Inez Fung, Director, Center for Atmospheric Sciences, University of California, Berkeley

Astrophysics
Eddie Baron, Professor of Physics and Astronomy, The University of Oklahoma

Richard I. Klein, Professor of Astronomy, University of California, Berkeley
Edward Seidel, Professor of Physics and Computer Science, Louisiana State University

Michael L. Norman, Director, Laboratory for Computational Astrophysics, Professor of Physics,
University of California, San Diego

Jonathan Ormes, Director of Space Sciences, NASA Goddard Space Flight Center
F. Douglas Swesty, Professor of Physics and Astronomy, SUNY at Stony Brook
Stan E. Woosley, Professor of Astronomy and Astrophysics, University of Caifornia, Santa Cruz
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Office of the Senior Vice President Neie Orchurt Road
Teclinology and Manufacturing Armonk, NY 10504

March 31, 2004

Dr. Horst D, Simon

Associate Laboratory Director for Computing S¢ignces, and

Director, National Energy Research Scientific Computing (NERSC) Center
Lawrence Berkeley National Laboratory

Omne Cyclotron Road, MS-50B-4230

Berkeley, CA 94720

Dear Horst,

DOE's Leadership Class Computing System is a strategic step ferward for the United States to provide the
most capable computing system to tackie the most challenging science problems. We are pleased the
DOE Office of Science has taken the lsad to provide this level of computing to the national science
community.

As the vendor of the Leadarship Class Computing System, |IBM is committed to provide an innovative,
axtremely effective, high performance computing system of unprecedented performance and capabitity.
The proposed systems not only provide cutsianding price/performance for capahility problems, but also
provide excellent absolute performance for science.

A wide range of IBM technology will be brought to bear to assure the LCS systems are an outstanding
success. The scale, schedule and requirements for LCS mean the standard roadmap of technelogy is not
sufficient. |IBM has alraady adopted the concepts of "Science Drive Architecture Design® in redesigning
the Power 5/8 node to facus con the balanca of Flop/s and memory bandwidth. This new 8-CPU single
core node is now accepted for ASCI Purpie and Is the basis of the LCS-1 system. We will continue the
Science Drive Design approach as the details of the LCS-2 system are defined and implemented.

IBM will continue innovation to reduce latency and to improve the efficiency of science codes. The
concept of virtual vectorization - accelerators that will improve efficiency of codes while still leveraging the
cost sfiectiveness and balance of our high volume CPU cores - is something IBM will assess. We will
work with LBNL and the application areas to complete the design of this effort and create effective
methods to explicit the new functionality. Further, |BM is committed to improve the interconnect of the
LCS systems, particularly for latency sensitlve algorithms. There are multiple approaches we are
exploring, from collective off load functions to enhanced adaptors for Power 5/6.

In summary, IBM views contributing to the LCS effort as & sirategic step forward. We are committed 1o
work with LBNL and the Office of Science to accomplish the aggressive goals for performance and cost

effectiveness. |IBM will davote significant research, design and development resource to delivering the
LCS for the DOE sclence users.

Sincerely,

Nichelas M, Donefric



Lawrence Livermore National Laboratory

March 29, 2004

Horst Simon

Director, National Energy Research Scientific Computing
Lawrence Berkeley National Laboratory

1 Cyclotron Road, MS 508-4230

Berkeley, CA 94720

Dear Horst:

Because of the history of collaboration between LBNL and LLNL in high performance
computing and, in particular, the benefit that the Advanced Simulation and Computing
(ASC) Program at LLNL has reaped in its Purple 100 TF procurement through this
relationship, LLNL would be delighted to work with the proposed LBNL National
Facility for the Advancement of Science (NFACS). We would function as part of the
proposed Leadership Computing Consortium focused on enabling and accelerating
scientific advance through a multi-pronged, sustainable strategy developed with our
mutual partner, IBM. It is essential that the United States develop a long term strategy
for American pre-eminence in high performance scientific computing, both for the health
of American science and to bolster American industrial competitiveness. It is equally
clear that such a strategy enjoys great leverage and a great chance of success through
working with IBM, given its breadth in talent, resources available for investment
(allowing simultaneous exploration of multiple technologies) and its demonstrated will to
invest R&D in computers for science.

The LBNL proposal focuses initially on two Leadership Class Systems (LCS1 and
LCS2), the first of which is based on the Blue Planet node conceived by NERSC and
IBM. This node features high internal bandwidth essential for successful scientific
computing. LLNL elected carly in 2004 to modify its contract with IBM to use this node
as the building block of its 100TF Purple system. This represents a singular benefit to
LLNL and the ASC program, and LLNL is indebted to LBNL for this effort.

As discussed with you at length, our partnership will have both medium and long-term
components. Over the medium term, between now and 2007, we will work together to
enable the rapid attainment of production environments on the NFACS LCS1 system and
the LLNL Purple system. LBNL and LLNL, given their common history in computing
and superior experience in providing over three decades of user services to distributed
customer bases, are positioned to bring these systems to production status at scale
rapidly, in particular through leveraging our combined efforts. Since we will be
integrating architecturally identical world-class capability computers simultancously, we
agree to

» Coordinate our trouble ticket and problem escalation processes in order to aid
IBM in prioritizing the most eritical items appropriately. We will alert each other @

Racycle
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to integration and early life issues on the node, the Federation switch and in the
GPFS file system through telecons with IBM.

Coordinate LBNLs and LLNL’s best in class Customer Services, Hotline, Tools,
Visualization and Applications optimization groups through bi-weekly meetings
in order to accelerate our response to scientists and to assure that the best possible
approaches are enabled for scientific advance. Our performance enhancement
groups will work together to share techniques and work with IBM to get
appropriate oplimizations into the compilers rapidly.

Share our planning documents for SAN architecture, including /O Blueprints.
We will continue to work together with the HPSS consortium, using our
collective leverage with IBM and our combined HPSS development staffs to
assure that the appropriate solutions are rapidly written into the HPSS releases.
Share, test, debug and deploy together the latest ASC tools in visualization,
including utilization of COTS technologies to achieve new levels of graphics
performance, our distributed parallel software stack (Chromium), our parallel,
scalable end-user applications (like VISIT and Blockbuster movie player) and our
blueprint for future Purple 100TF related visualization deployment. Other tools
developed by our laboratories and to be exploited by our partnership include tools
for improved large surface handling, parallel distributed volume rendering, view-
dependent surface rendering, and the Terascale Browser. This represents a
powerful set of tools to enable LCS1 and Purple scientists engaged in
computational science of scale to understand rapidly the data they generate.
Without tools of this caliber and computer scientists available to support these
tools, the huge data generation engines that LBNL and LLNL will be deploying
would be virtually useless.

Make available to LBNL our SLURM and LCRM fair share scheduling and node
packing software should LBNL choose to employ this solution rather than native
software

Over the long term, our partnership is not focused on a single solution; rather, we will
work together to exploit and understand multiple paths to petaflops, or, more
appropriately multiple paths to enabling ever more complex scientific simulation. In this
quest, LBNL and LLNL enjoy a significant advantage in working with IBM, which has
both the means and the corporate will to pursue multiple technological paths
simultaneously. We have agreed that each laboratory will lead the investigation in one
arca and share investigation in a third area. These are:

NFACS Lead: LBNL will continue to lead in the investigation of the ViVA
architecture and will partner with IBM in developing and realizing this
technology on the LCS2. LBNL and LLNL will optimize at least two scientific
applications of great interest to LLNL in materials science for this architecture to
be used as test vehicles to evaluate the appropriateness of this architectural
solution for many LLNL applications.

LLNL Lead: LLNL will be siting a second Purple contract system, BlueGene/L.
This computer represents a $100M R&D investment by IBM in a machine for
science, employs three separate networks to enhance efficiency and an extremely



low power system on a chip design. LLNL is collaborating with Argonne
National Laboratory as a member of its proposed BGL consortium. Since LBNL
will also be a member of this consortium, and because of the pre-existing
relationship between LLNL and LENL, the two laboratories will optimize
together and port to this 180/360 TF system at least two applications of great
interest to the Office of Science. These applications will be used as test vehicles
to evaluate the appropriateness of the BG-family (BG/P follow-on architecture) as
a leadership class investment later in this decade by the Office of Science.

* Shared Investigation: Both LLNL and LBNL have put significant effort into the
development of Open Source clustered solutions for scientific computing and
scientific visualization. We intend to pursue these technologies together both
with IBM (on PowerPC) and Intel (on [IA64 and 1A32). SciDAC funding for
LBNL has resulted in promising work on checkpoint restart, a critical
functionality for advanced production environments, which will be shared with
LLNL. LLNL has developed a complete software stack for clustered systems in
its CHAQS releases which will be made available to LBNL for assessment. The
intent 15 to share software developed by the two laboratories in order to cut the
costs of development for each laboratory. Given the promising developments
with InfiniBand, clusters may well supplement lcadership class capability
computing soon and/or provide potential PF solutions in their own right.

This represents an outline of our continued alliance to support computational science of
scale. We are ideally positioned to be successful over the short and medium term, given
the breadth of our combined staffs, our common history with IBM, and our common
mvestment in the Blue Planet (SQIH) node. We are positioned to be successful in the
future because we are splitting our technological investments between us, while siting
world-class systems in three architectures. We are simultaneously cutting costs by
sharing the intellectual property developed by our staffs and leveraging to the maximum
our geographical proximity. We are fortunate and indebted to IBM to benefit from their
multiple technological investments and their continued interest in creating powerful
solutions for science.

Sicerely, —

Dona L. Cm%“
Associate Director, Computation

Lawrence Livermore National Laboratory

PO Box BOR, L-66
Livermore, CA 94550
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March 30, 2004

Dr. Horst Simon

Director, National Energy Research Scientific Computing Center
One Cyclotron Road, M/S: 50B-4230

Berkeley, California 94720

Dear Dr. Simon,

NCSA is pleased to support your effort to build a National Facility for Advanced Computational Science
(NFACS). We face many of the same challenges for supporting high end computing systems, applications, and
users, and a collaboration with your effort will benefit our organizations as well as the broader research
community.

In particular, we are prepared to effect a collaboration that involves activitiesin development and configuration of
systems as well as in direct user support. As steps toward a goal of seamless interoperability for users of both
PACI and DOE systems, we expect to work together on:

e  Peering of Grid certificates authoritiesin order to enable single-sign-on access across facilities and
seamless transfer of data between archival storage systems.

e A fast path for data migration between centers using “bandwidth corridors’ allowing scheduled
dedicated access to high bandwidth channels between sites.

o Federated GPFS filesystems across systems at NCSA, SDSC, NERSC, and the LCS system. Software
support for wide area GPFS is already under devel opment.

e Exploring cross site job scheduling through the implementation of batch queue controls able to
automatically route ajob to systems appropriate for the job requirements and system resource
availability.

e A Technology Watch program we conduct jointly with SDSC, which involves ongoing evaluation of
new computing architectures, systems, and methodologies, and the benchmarking of applications
across arange of those systems.

In addition, we foresee beneficial collaboration on user support activitiesincluding documentation and training.
By sharing application expertise, both organizations should be able to support users on awider range of
applications and from more application domains.

Working together in these ways, we can avoid duplication of effort, and maximize the use of our resources to
advance the state of the art in high end computing. We look forward to working together toward that end.

Sincerely,
AT b L

Rob Pennington
Interim Director
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NATIONAL PARTNERSHIP FOR ADVANCED COMPUTATIONAL INFRASTRUCTURE
SAN DIEGO SUPERCOMPUTER CENTER 9500 GILMAN DRIVE, MC 0505
(858) 534-5000 LA JOLLA, CALIFORNIA 92093-0505

March 30, 2004

Dear Horst,

I am writing on behalf of the San Diego Supercomputer Center (SDSC) in support of your proposal response to
DOE’s recent RFP “Leadership Class Computing Capability for Science”. First as an NSF supercomputer center, and next
as a PACI leading edge site, SDSC has a long history of serving the open academic community with high-end computational
resources and an advanced data management environment. SDSC has particular strength in data, providing an integrated set
of services and software encompassing all levels of the “data stack” from storage and file systems to data-oriented
middleware, visualization and application portals.

SDSC would be happy to participate in the Leadership Computing Consortium (LCC) that includes both DOE and
NSF-funded supercomputing centers, providing a community focus on the NFACS system at Berkeley and its efficient use
for computational science. We look forward to collaborating with the consortium to develop and port applications and
system software, conduct detailed performance analysis of applications, develop mutual training and support mechanisms,
and/or contribute to future systems development directions. SDSC users will be particularly interested in using Berkeley
facilities for application performance studies. We believe there will be opportunities to integrate SDSC and Berkeley
environments and tools as well.

We also look forward to working with you on the storage and data environment for the NFACS system. There is a
particular opportunity to work with SDSC on Wide Area Network Global File Systems, and we look forward to working
with you to develop a leadership storage/data/compute environment. SDSC's leadership in the data/storage area and our
existing partnerships with TeraGrid, the European DEISA activities, IBM, and others will provide a strong foundation for a
close partnership with NERSC. The coupling of NERSC/LBL's Leadership NFACS system with SDSC's leading storage
expertise and facilities provide an immense opportunity to develop a national facility which will advance both scientific
discovery and technology leadership for the U.S.

In conjunction with our participation with NERSC/LBL in its leadership class activities, we look forward to having
NERSC and its partners join SDSC in the development of a national storage environment which provides a coordinated
environment for data curation, mirroring, management and analysis. This environment will allow the development of
advanced data and storage services to meet the needs of an increasing number of data-intensive applications.

In summary, SDSC is supportive of this proposal and we look forward to working with NERSC, participating in its
LCC Consortium, and developing a leading compute/data/storage environment for the U.S.. Please feel free to contact us
should you need any additional information.

Sincerely,
Dr. Francine Berman

Director, San Diego Supercomputer Center and NPACI
Professor and High Performance Computing Endowed Chair, UCSD



ARGONNE NATIONAL LABORATORY

MATHEMATICS AND COMPUTER SCIENCE DIVISION

9700 SouTH CASS AVENUE, ARGONNE, ILLINOIS 60439-4844 TELEPHONE 630-252-3378
FAX: 630-252-6333
EMAIL: STEVENS@MCS.ANL.GOV

March 30, 2004

Horst Simon

Director, National Energy Research Scientific Computing
Lawrence Berkeley National Laboratory

1 Cyclotron Road, M S 50B-4230

Berkeley, CA 94720

Dear Horst:

I’m writing to express my support for Berkeley’ s participation in the Blue Gene Consortium that Argonne
has established to enable the national research community to investigate the important class of
architectures represented by the IBM Blue Gene project. Berkeley Lab brings a long tradition of
research excellence in high-performance computing and we welcome the opportunity to deepen aready
existing collaborations.

We would like to work closely with you to study massively parallel systems based on high-density
packaging of system-on-a-chip technologies and represented by the IBM BG/L and BG/P systems. We
believe, but would like to demonstrate on real applications of interest to DOE, that these systems are well
suited for problems that are highly irregular, have high-degree of local memory reuse and scale in the tens
of thousands of processors. We would also like to work with Berkeley on developing new algorithms for
large-scale molecular dynamics, massively parallel analysis of microbial genomes, quantum Monte Carlo
methods for nuclear physics, and methods for large-scale neocortex modeling.

In turn we would like to participate in the Leadership Computing Consortium that you are establishing at
Berkeley. Argonne brings considerable capabilities in the areas of systems software, numerical libraries,
advanced visualization systems, collaboration technology and applications.  We look forward to
increasing our level of collaboration in the future.

Best Regards,

(X

Rick L. Stevens

Director, Mathematics and Computer Science
Division Argonne National Laboratory and
Professor, Department of Computer Science,
University of Chicago

RS.cz
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THE UNIVERSITY OF CHICAGO
DEPARTMENT OF COMPUTER SCIENCE
RESEARCH INSTITUTE ¢ ROOM 405
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Email stevens@cs.uchicago.edu
Phone 773-834-6816
Fax 773-834-6818

Rick Stevens, Professor

March 29, 2004

Horst Simon

Director, National Energy Research Scientific Computing
Lawrence Berkeley National Laboratory

1 Cyclotron Road, MS 50B-4230

Berkeley, CA 94720

Dear Hordt,

In view of the benefits to the scientific and engineering community, the NSF Extensible Teragrid Facility
Projects extends an invitation to each of the DOE sites responding to the Leadership Class Computing
Capability for Science to become part of the TeraGrid.

The Teragrid project consists of major resources from nine sites tied together with a high-performance
network backbone using OC-192 links and an integrated software environment. The ETF supports large
scale multidisciplinary scientific investigations that require the ability to rapidly compare data collected
from al of these resources, such as comparing computational weather modeling data to a massive
nationwide sensor network and archives of similar past weather events. There are a number of applications
that arise from this fusion of data resources that have to potential to require petaflops scale computing
resources. Conseguently, the new DOE facility could connect to the Teragrid backbone in order to better
support these emerging applications and expand resources available to the Teragrid community.

Theinclusion of this new facility in the TeraGrid as a resource available to the US science and engineering
communities will help accelerate the rapid advance of scientific simulation and analysis and will
significantly enlarge the resources available to this community. It will be of great benefit to the community
and we greatly welcome the creation of this new facility.

The management of the TeraGrid looks forward to your participation in the

TeraGrid should you be selected to be the site of the new DOE Office of Science computing facility. To
ensure that you will be able to connect to the TeraGrid, please contact the TeraGrid Project manager,
Charlie Catlett, to determine what equipment is required as well as what means may be available for
connecting to one of the TeraGrid Hubs.

Sincerely yours,

Rick L. Stevens

Distributed Terascale Facility, Project Director,
Professor, Department of Computer Science,
University of Chicago and

Director, Mathematics and Computer Science
Division Argonne National Laboratory

RS.cz
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AND AGRICULTURAL AND MECHANICAL COLLEGE

Center for Computation & Technology (CCT)
Baton Rouge, Louisiana 70803 225/578-4012; FAX 225/578-5362

i
f

30 March 2004

Dear Horst,

As Director of Louisiana State University's Center for Computation and
Technology (CCT), | am pleased to have the CCT partner with you as a member
of the Leadership Computing Consortium (LCC) in conjunction with your National
Facility for Advanced Computational Science (NFACS) proposal. The CCT
serves a number of the top users of high capacity HPC systems for scientific and
engineering problems, such as numerical relativity, computational fluid dynamics,
computational astrophysics, and climate and coastal modeling. These leading
edge researchers use facilities at NERSC, and at the LCC's PACI partner sites.

As part of this partnership, the facilities of the CCT, including a 1024
processor Intel Xeon Linux cluster, will be integrated with the LCC partner sites,
including the NFACS and the PACI computing centers to create a computing
infrastructure that supports transparent access across the LCC sites. A portion
of CCT facilities will be available to leading researchers in the LCC through
collaborations and peer reviewed proposals for research on the most complex
problems in scientific computation. The entire facility will be connected through a
federated GPFS globally shared file system, creating a national shared file space
for leading edge researchers who demand the highest capacity computing
facilities to carry out their research.

The Louisiana Board of Regents has recently approved funding to become
a founding member of the National Lambda Rail (NLR), which will place an NLR
access point in Baton Rouge and enabling the CCT to participate directly in a
high capacity, national global file space. As a further step, the state has
announced its intention, endorsed by Governor Blanco, to create the regional
Louisiana Optical Network Initiative that will connect 8 major research sites
across the state, integrating additional clusters into a computational Grid. Upon
completion of this facility, the GPFS global file system will be extended to unify
resources and researchers across all these sites, extending dramatically its
capacity and user base.



The CCT has highly active research groups in scientific computing
applications, such as numerical relativity and astrophysics, but is also a leading
center in developing application level Grid middleware. Through the LCC
partnership, the research groups of the CCT will work closely with NFACS and
other LCC sites in grid and scientific computing research. Grid application
technologies will be developed and deployed nationally to enable researchers to
take advantage of the new computational science capabilities that will come with
this national resource.

In summary, | strongly support the NFACS proposal, and the creation of the
Leadership Computing Consortium, in which the CCT will play a strong role. |
not only commit the participation of the CCT in this consortium, but also | am
enthusiastic about committing my personal time to see it become a success. As
the state develops its LONI project, not only will the LCC derive additional
benefits, but it will also have major impact on the development of the research
base in Louisiana, extending the educational outreach of the LCC.

Sincerely,

bl i
Edward Seidel

Floating Point Systems Professor of Physics and Computer Science
Louisiana State University

3rd Floor Frey Computing Services Center
Louisiana State University

Baton Rouge, LA 70803

Phone: +1 225 578 4012

Fax: +1 225 578 7876
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Horst D. Simon

Assodate Laboratory Director for Computmg Sciences
Mail Stop 50B-4230

Lawrence Berkeley National Laboratory

Berkeley, CA 94720

Dear Horst

I am writing on behalf of the Center for Information Technology in the Interest of Society (CITRIS) in
support of your propesal response 1o DOE's recent RFP “Leadership Class Computing Capability for Science”.

CITRIS, one of four recently established California Centers for Science and Innovation, is a parmership
among UC Berkeley, UC Davis, UC Santa Cruz, and UC Merced, with headgquarters ar UC Beckeley. CITRIS has over
200 affiliated faculty and annual rmtﬂupu:l.dmg of over $60M

mmlSmmn,dnmbcdm mmd.claﬂntmcrtn&-nrmg,um;punmxmumh on problems that
have a major mpact on the economy, quality of life, and future success of California: conserving energy; educaton;
saving lives, property, and productivity in the wake of disasters; boosting transportation efficiency; advancing
disgnosts and treatment of discase; and expanding business growth through much fcher personalized informagon
services.

An underlying technology in most of these endeavors i the development and deployment of tenr superis A
sensar network s 2 collection of small, mexpensive sensors that can measure anything from energy usape in a room,
mation and mtegrity of a structure, presence and movement of wraffic, to enviconmental parameters in a farm or
remote habitar, and wirelessly transmit that dam for analysis and response. CITRIS researchers have pioneered
everything from the underdying MEMS technology for bmlding the sensors, to their softwnre infrastrocture, 1o their
deployment in sites ranging from petrel burrows on remote Atlantic islands to the Galden Gate Bridge. With suppaort
from NSF, HP and Intel, we are also upgrading the Millennium cluster computing facility to 1 Temflop / 1 Petabyee
facility to support this work.

CITRIS is looking forward to collaborating with NERSC on the massive data sets thae will be produced by
these networks, espeanlly when they are combined and correlated with other avalable dambases of scienufic and
humanistic data. We hope to work with you 1o understand how to make these datasets widely avalable to the
scientific community.

In summary, CITRIS is supporove of this proposal and we look forward 1o working with NERSC,
participating in its LCC Consermum, and helping make sensor net data widely accessible to the US scentific
community. Please feel free to conmact vs should you need any addinonal information.




31 March 2004

Dr. Horst D. Simon
Director, NERSC

1 Cyclotron Road
Berkeley, CA 94720

Dear Dr. Simon:

As the leader of the Performance Evaluation Research Center (PERC), one of the five
Integrated Software Infrastructure Centers (ISICs) in the Department of Energy’s
SciDAC program, I am pleased to offer the resources of our consortium to assist in the
successful operation of the proposed National Facility for Advanced Computational
Science (NFACS). This is an outstanding proposal, and if approved will constitute a
major resource for breakthrough computational science.

In particular, if the NFACS proposal is funded, the PERC project will devote at least one
full-time equivalent researcher, on site at the Lawrence Berkeley Laboratory, to assisting
scientists using the NFACS system to obtain optimal performance on high-end
computing platforms deployed under the NFACS system, and also to understanding the
performance characteristics these systems. Additional PERC personnel will be assigned
if appropriate and approved by DOE program managers.

This commitment is conditional only on the approval of the PERC-2 proposal, recently
submitted to the Office of Science, for the continuation of the PERC activity for an
additional two years after the current funding expires later this year, which approval we
believe is forthcoming.

Yours truly,

Dr. David H. Bailey \
Chief Technologist !
Computational Research Department

ERNEST DRLANDO LAWRENCE BERKELEY NATIONAL LABORATORY

ONE CYGCLOTRON ROAD | BERKELEY, CALIFORNIA 94720 | TEL: 510.486.4000



B ==

Pacific Northwest
National Laboratory

Operated by Battelle for the
U5, Department of Energy

April 1, 2004

Dr. Horst Simon

Lawrence Berkeley National Laboratory
Mail Stop 50B-4230

1 Cyclotron Rd

Berkeley, CA 94720

Dear Horse:

The development of leadership class computing architectures is the critical underpinning to accelerating
the scientific research in pursuit of solutions to complex environmental, health, energy, and national
secunty challenges facing the nation. The Department of Energy’s (DOE) Office of Advanced Scientific
Computing Research has identified leadership class computing as their top priority and is identified as
the number two priority within the DOE Office of Science 20 year scientific facility plans.

PNNL is pleased to support the initiative that LBNL is taking towards advancing the research and
development of leadership class computing in the United States. We are excited to work with you and
your partners in assuring that the leadership class hardware associated with this program is used to the
greatest benefit of science and this nation.

As a nadonal user facility, PNNL currently operates the most powerful computer in DOE-SC, a 1,960 -
processor HP system (11.5 Teraflops), and is bringing espertise in computational biology, chemistry,
nanoscience, tools for parallel programming, and is DOE’s lead site in computational environmental
molecular science. PNNL is a recognized for its development of innovative programming tools and
techniques for scalable paralle]l computers and collaborative problem solving environments (PSEs) in
support of the scientific research community. We will work with LBNL and IBM to leverage our
experience in these areas and aid you in assuring that the proposed architecture is successful in solving
grand challenge problems in computational science.

Please feel free to contact me (509) 375-2438, if | can be of any assistance or provide further information

Sincerely,

P (el

Director of Computatonal Sciences and Mathematics

902 Battelle Boulevard * PO. Box 999 = Richland, WA 99352

Telephone (509) 375-2438 M Email moc khaleel@pnlgov B Fax (509) 375-6631



Reply to Attn of:

National Aeronautics and
Space Administration

Goddard Space Flight Center
Greenbelt, MD 20771

April 1, 2004
600

Dr. Horst D. Simon

Associate Laboratory Director
Computing Sciences

1 Cyclotron Road

Lawrence Berkeley National Laboratory
Berkeley, CA 94720

Dear Dr. Simon:

We are very interested in the potential of your proposed National Facility for Advanced
Computational Science (NFACS). The evolution of space science research is leading to
missions that are more data intensive, systems science research to assimilate data from
instruments distributed in space to develop theoretical models (e.g., sun-Earth
interaction), and investigations into fundamental mysteries of the universe (e.g., dark
energy and gravitational waves).

In the search for gravitational waves, the NASA/ESA Laser Interferometer Space
Antenna (LISA) mission planned for the end of this decade presents a significant
computing challenge. LISA will detect gravitational waves from coalescing massive
black holes. Relativity modeling of the merger stage of the coalescence requires solving
the full Einstein equations in three dimensions numerically. High performance
computing is essential for this modeling, which carries out the solution of more than

17 coupled nonlinear partial differential equations with adaptive mesh refinement. To
achieve the accuracy needed for comparing the simulated waveforms with the observed
data, sustained computing speeds of ten TeraFLOPS or more are needed.

Your proposal for a National facility is especially timely. NASA programs do not fund
computing to support space science research, Funding for data analysis is included in
the budgets for missions, but the computing capability required to explore breakthrough
theoretical research and complex science system modeling must be found through other
sources, Collaboration with NFACS could address a great need for our research
programs and would be an outstanding example of inter-agency cooperation.

W
. Jo

nathan F, Ormes
Director of Space Sciences



From rcar@Princeton.EDU Wed Mar 31 09:24:14 2004
Delivered-To: canning@nersc.gov

Message-1D: <406AFE95.388E46E0@princeton.edu>
Date: Wed, 31 Mar 2004 12:23:34 -0500

From: Roberto Car <rcar@Princeton.EDU>
Organization: Princeton University

Dear Dr. Simon,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science
(NFACY) isastrategic step for providing aleadership class computing system to
computational scientistsin the US. With thisletter | enthusiastically support the NFACS
proposal to provide the most capable computing system in order to tackle the most
challenging science problems. Myself and my collaborators strongly agree with your
approach to the next generation of computing facilities, one where the focus is on high-
end science rather than on an enhanced computing capacity for general science users.

Access to the new facility will allow us to model solvent effects on selected organic
molecules, to investigate the origin of hydrophobic interactions between DNA-base pairs,
and to determine atomic reaction pathways of important enzymatic processes.

Y our proposal for NFACS will go along way to providing the necessary computing
resources to begin to address these problems head-on. In particular | am looking forward
to work with the NFACS team at Berkeley and provide input and computational
reguirements for the science-driven computer architecture design. | believe that this
process, and the qualifications of the NFACS applications team will lead to new high
performance computer architectures in support of science, and consequently to new
breakthrough cal culations in computational science.

| acknowledge that my group islisted as one of afew potential usersin the area of
nanoscience and that we will endeavor to work with Lawrence Berkeley National
Laboratory to produce the best science possible. If this proposal is funded, we look
forward to along and successful collaboration.

Sincerely,

Roberto Car

Professor, Department of Chemistry and Princeton Institute for the Science and
Technology of Materias (PRISM),

Department of Physics and Program in Applied and Computational Mathematics
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Department of Physics i
Loomis Laboratory of Prysics ' I
1110 West Green Strest 1
Urbana, IL 61601-3080 ;

March 29, 2004

Dear Dr. Simon,

I like to express my strong support to the Berkeley Lab's proposal for a National Facility for
Advanced Computational Science (NFACS). The proposed NFACS |s a strategic step for
providing a leadership class computing system to computational scientists in the US. Our
team, “Coupled Electron-Ion Quantum Monte Carlo Simulation of Liquids and Solids”, will be
able to efficiently use your computer architecture, and we agree strongly with your approach
where the focus is on high-end science rather than computer science,

Quantum Monte Carle {QMC) simulation is one of the most rigorous methods for computing
properties of many-body quantum systems. Recent advances in QMC have allowed it to
calculate systems containing hundreds of atoms, thus becoming relevant to nanoscience.
However, one of the traditional problems for QMC is to use it to simulate the movement of
atoms (ions). Recently, we have developed an algorithm to simulate the movement of electron
and ions at the same time. This will extend the QMC into this important regime, impossible
before. We propose here to use this new algorithm to study the behavior of hydrogen and
liguid water, important examples of systems that are waiting to be tackled by increased
computer performance, However, to do this, computing power at least 10 times larger than
today’s computer is needed. That is why we are very enthusiastic in participating in this
endeavor.

In particular, I am looking forward to working with the NFACS team at Berkeley and provide
input and computational requirements for the science-driven computer architecture design. I
believe that this process, and the qualifications of the NFACS applications team will lead to
new high performance computer architectures in support of science, and consequently to new
breakthrough calculations in computational science,

My research has been closely tied to the National Center for Suparcomputing Applications
(NCSA) funded by NSF located here at UIUC. Because of this, I know how difficult it is to
provide a good service to a broad scientific community. It is my belief that a clese association
of NFACS to NERSC will greatly benefit the scientific community. It takes not only the
hardware, but also the people to make a computer center successful.

My team is listed as one of just a few potential users in the area of nanoscience. However, a
much broader community will benefit from the research. We will endeavor to work with
Lawrence Berkeley National Laboratory to produce the best science possible. If this proposal is
funded, we look forward to a long and successful collaboration,

Sincerely,

David &peﬂe&r:

Professor of Physics

University of Illincis-Urbana Champaign



Lawrence Livermore National Laboratory

March 31, 2004

Dr. Horst D. Simon

Lawrence Berkeley National Laboratory
One Cyelotron Road, M/S: 50B-4230
Berkeley, Calilornia 94720

Dear D, Simon,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science (NFACS) is
a strategic step for providing a leadership class computing system to computational scientists in
the US. With this letter | enthusiastically support the NFACS proposal to provide the most
capable computing system in order to tackle the most challenging science problems. Myself and
my collaborators strongly agree with your approach to the next generation of computing
facilities, one where the focus is on high-end science rather than on an enhanced computing
capacity for general science users.

Nanoscience is a demanding new area on computational resources and the types of simulations
we would like to perform, such as organic/inorganic interfaces to model nanodevices that can
be used for bio-detection, are beyond present computers.

Your proposal for NFACS will go a long way to providing the necessary computing resources to
begin to address these problems head-on. In particular, | am looking forward to working with
the MFACS team at Berkeley and providing input and computational requirements for the
science-driven computer architecture design. | believe that this process, and the qualifications of
the NFACS applications team will lead to new high performance computer architectures in
support of science, and consequently to new breakthrough calculations in computational
science.

I acknowledge that my group is listed as one of a few potential users in the area of nanoscience
and that we will endeavor to work with Lawrence Berkeley National Laboratory to produce the
best science possible. If this proposal is funded, we look forward to a long and successful
collaboration.

Sincerely, :
CLWM" G
Giulia Galli

Cuantum Simulations Group Leader
Physics & Advanced Technologies
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UNIVERSITY OF CALIFORNIA

Professor Steven G. Louie Phone: (510) 642-1709

Department of Physics Fax: (510) 643-9473

366 LeConte Hall # 7300 E-Mail: sglouie@uclink.berkeley.edu
University of California

Berkeley, California 94720-7300
March 30, 2004

Dr. Horst D. Simon

Director, National Energy Research Scientific Computing (NERSC)
Director, Computational Research Division

Lawrence Berkeley National Laboratory

One Cyclotron Road, MS: 50B-4230

Berkeley, CA 94720

Dear Horst:

LBNL's proposal for a National Facility for Advanced Computational Science (NFACS) is a
strategic step in providing a leadership-class computing system to computational scientists in the
US. With this letter, I enthusiastically support the NFACS proposal which will provide the most
capable computing system to tackle some of the most challenging and exciting science problems
for our nation. Our team, “Large scale many-body simulations of electron transport, optical
excitation and mechanical properties of nanostructures,” agrees strongly with your approach to the
next generation of computing facilities, one where the focus is on high-end science.

For example, electron transport through molecular systems is one of the most intensely
studied topics in nanoscience. However, present ab initio calculations lack some very important
ingredients, including, e.g., many-electron effects, electron-phonon interactions, or Coulomb
blockade effects. As a result, current theoretical results are not at the level that can be used to
quantitatively explain or guide experiments. What we have planned for our team is to include these
important effects into these calculations. In order to do so, high-end computer hardware like that
which is being proposed in NFACS is absolutely necessary.

In particular, I am looking forward to working with the NFACS team at Berkeley and
providing input and computational requirements for the science-driven computer architecture
design. I believe that this process, and the qualifications of the NFACS applications team, will lead
to new high performance computer architectures in support of science, and consequently to new
breakthrough calculations in computational science.

To have a highly productive user facility, it will take not only the appropriate hardware, but
also people who will provide the proper management and services for that hardware. In this regard,
NERSC is a very successful computer center, one of the best in this country. In my opinion, it



would be a big plus for NFACS to be associated with NERSC. The experience and know-how
learned from NERSC would be invaluable in the operation of NFACS.

I understand that my group is listed as one of just a few potential users in the area of
nanoscience. We will endeavor to work with the Lawrence Berkeley National Laboratory to
- produce the best science possible. If this proposal is funded, we look forward to a long and
successful collaboration.

Sincerely,

Steven G. Louie
Professor of Physics

SGL:kdR
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S === National Renewable Energy Laboratory

Innovation for Our Energy Future

Dear Dr. Simon,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science (NFACS) is
an important step for providing a leadership class computing system to computational scientists
in the US. | like to express my strong support to the NFACS proposal to provids the most
capable computing system in order to tackle the most challenging science problems. Our team,
Multiple excitations and systems by design for multi-component nanosystems, will benefit
significantly from the design and architecture of the propesed NFACS machine, which focus

on high-end scientific applications.

In order to gain the full benefits of the theorstical simulation in nancscience, one has to
calculate the complicated electronic structures and optical properties of multi-components
nanosystems. Most of the current day calculations are done for simple systems, like one
quantum dot or wire. Multi-component nanosystems, i.e., quantum dot arrays, and dot
molecules, exhibits new phenomena, which do not exist in single component systems. However,
in order to calculate these systems, computing powers 10 times, or even 100 timss larger than
todays computer is needed.

Your proposal for NFACS will go a long way to providing the necessary computing resources to
begin to address these problems head-on. In particular | am looking forward to work with the
NFACS team at Berkeley and provide input and computational requirements for the science-
driven computer architecture design. | believe that this process, and the qualifications of the
NFACS applications team will lead to new high performance computer architectures in support
of science, and consequently to new breakthrough calculations in computational science.

As a long time NERSC user, | am very impressed by the supreme supporis provided by NERSC
staff members and by the smooth operation of NERSC computer. The success of the NERSC
computing center is demonstrated by the recent rush of request for NERSC computer time. It is
my belief that the scientific community will be served best if the NFACS is closely associated
With NERSC, so that the good management can be extended to the new facility.

| am proud to be listed as one of the few potential users in the area of nanoscience and that we
will endeavor to work with Lawrence Berkeley National Laboratory to produce the best science
possible. If this proposal is funded, we loock forward to a long and successful collaboration.

f%&/% arL éf&%g/ﬂéﬂ -Zyrtc?ef

Alex Zunger, Ph.D
Research Fellow
National Renewable Energy Laboratory

Sincersly,

1617 Cole Blvd. * Golden, CO 80401-3393 » (303) 275-3000 @
NREL is operated by Midwest Research Institute - Battelle
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March 31, 2004

Dr. Horst Simon
Director NERSC
One Cyclotron Road
Mail stop 50B-4230
Berkeley, CA 94720

Dear Horst,

Berkeley Lab’s proposal for a National Facility for Advanced Computational Science (NFACS) is an
important strategic step for providing a leadership class computing system to computational scientists in
the US. With this letter I enthusiastically support the NFACS proposal to provide a major advance in
capability computing systems to tackle the most challenging problems in combustion science. Our research
teamn strongly agrees with your approach to the next generation of computing facilities, one where the focus
is on high-end science rather than on an enhanced computing capacity for general science users.

Combustion of fossil fuels provides the dominant source of energy required for transportation and
stationary power generation in the United States. Combustion also plays a central role in a broad range of
science and technology applications. A predictive understanding of combustion processes will play a key
role in developing efficient, clean and sustainable energy for our nation’s future, as well as in establishing a
solid scientific basis for the development of new materizls and chemical processes. Much of the difficulty
in combustion science results from the complex interaction of turbulent flow processes with the myriad
chemical reactions occurring in a flame. Computational simulations have enabled great progress in our
understanding of combustion processes, but have been unable to explore the full complexity of realistic and
important regimes of combustion due to a frustrating shortage of accessible large-scale computational
resources. We strongly believe that dramatic advances in basic combustion science will be enabled with
the proposed NFACS capability.

Recently, Japanese researchers with dedicated access to high-performance vector architectures were able to
successfully perform a fully-resolved direct numerical simulation of idealized premixed hydrogen flame
over a domain 5 mm on a side. The work enabled important insights into the details of turbulence-flame
interactions. With considerably less-capable computational hardware, we at the Center for Computational
Sciences and Engineering were able to simulate a premixed methane flame on the full scale of a laboratory
experiment, 12 cm on a side, with a chemical description considerably more complex than that of hydrogen.
Our work enabled similar explorations into flame-turbulence dynamics, but has been validated with actual
experimental data. This dramatic improvement in simulation efficiency is enabled by our combined use of
a highly efficient low Mach number formulation of the basic fluid physics, coupled to adaptive-grid
strategy. With our advanced computational approaches, the NFACS hardware will enable us to construct
more complete simulations of these laboratory experiments, including improved characterizations of key
turbulence generation mechanisms, and enhanced chemical detail necessary for the prediction of pollutant
formation and emissions.

ERNEST ORLANDO LAWRENCE BERKELEY NATIONAL LABORATORY
ONE CYCLOTRON ROoap, MS: 50B-2239 | BERKELEY, CA 94720 | TEL: S10+4856*4849 Fax: S1 048566363



Dr. Horst Simon March 31, 2004 page two

Your proposal for NFACS will go a long way toward providing the necessary computing resources to
begin to address important problems in combustion science head-on. I am looking forward to working with
the NFACS team at Berkeley and providing input and computational requirements for the science-driven
computer architecture design. I believe that this process, and the qualifications of the NFACS applications
team will lead to new high performance computer architectures in support of science, and consequently to
new breakthrough calcutations in computational science.

F acknowledge that my group is listed as one of just a few potential users in the area of astrophysics and
that we will endeavor to work with Lawrence Berkeley National Laboratory to produce the best science
possible. If this proposal is funded, we look forward to a long and successful collaboration.

Sincerely,

Bell, Group Leader
Center for Computational Sciences and Engineering
Lawrence Berkeley National Laboratory
Gne Cyclotron Road
Mail stop 50A-1148
Berkeley, CA 94720
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March 30, 2004

Dr. Horst D. Simon

Director, National Energy Research Scientific
Computing (NERSC) Center

Lawrence Berkeley National Laboratory

Mailstop 50B-4230

One Cyclotron Road

Berkeley, California 94720

Dear Horst:

Lawrence Berkeley National Laboratories’ proposal for a National Facility for Advanced Computational
Science (NFACS) is a strategic step for providing a leadership class computing system to computational scientists
in the US. With this letter I enthusiastically support the NFACS proposal to provide the most capable computing
system in order to tackle the most challenging science and engineering problems. Our MICS supported project
team on “High Performance Computing in Combustion” strongly agrees with your approach to the next
generation of computing facilities, one where the focus is on high-end science rather than on an enhanced
computing capacity for general science users.

Combustion is one of the most challenging processes in nature, in which complex physics, chemistry and
dynamics interact over an extremely wide range of time and length scales. Besides it fundamental significance to
science, it has far reaching impact on our life and economy; we in the US generate 85% of our energy needs by
burning fossil fuels. Progress in efficiency, emission and safety rely heavily on understanding and accurately
predicting combustion processes. While enormous progress has been made, thanks in large part to advancement
in computing and computational sciences, the field remains frustrated by the hardware capability that, until very
recently, limited the simulations to simple models that did not capture all physical reality. Currently the largest
calculation ever done in the field was performed in Japan, and scientists in the US are eager to advance further
beyond. As an example, combustion science can learn about dynamic and transport processes that govern the
formation and consumption of complex molecules, such as soot, and engineering applications can leapfrog the
current generation of diesel engines which plagued by the abundance of this toxic molecule, if adequately
powered computational hardware is made available.

Your proposal for NFACS will go a long way towards providing the necessary computing hardware
capability and resources to begin to address these problems head-on in ways that guarantee continued progress in
this very important field, and short and long-term successes in our effort to advance computational based science
and engineering.

1 look forward to work with the NFACS team at Berkeley, and to provide input and computational
requirements for the science-driven computer architecture design. I believe that this process, and the qualifications
of the NFACS applications team will lead to new high performance computer architectures in support of science,
and consequently to new breakthrough calculations in computational science in a wide range of disciplines and
applications. I look forward to seeing the new generation of combustion simulations being performed on that
architecture.
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I acknowledge that my group is listed as one of just a few potential users in the area of
combustion science, and that we will endeavor to work with Lawrence Berkeley National Laboratory to
produce the best science possible. If this proposal is funded, we look forward to a long and successful
collaboration.

Sincerely,

Ahmed F. Ghoniem
Professor of Mechanical Engineering



STANFORD UNIVERSITY
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Frow Paysics asn Comeuranos Division TeL: (650) 7T25-2077
StaxrorD, CaLrorxia 94305-3030 Fax: (650) 725-3525

Dear Dr. Simon,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science
(NFACS) is a strategic step for providing a leadership class computing system to
computational scientists in the US. With this letter I enthusiastically support the NFACS
proposal to provide the most capable computing system in order to tackle the most
challenging science problems. The Computational Energy Sciences group here at
Stanford strongly agrees with your approach to the next generation of computing
facilities, one where the focus is on high-end science rather than on an enhanced
computing capacity for general science users.

Computational combustion has become an increasingly important research field in recent
years, mainly because of the scientific advancements of the last twenty years. Numerical
simulations will be a key element of future design of technical combustion devices, such
as industrial burners or internal combustion engines. This will ultimately lead to reduced
emissions at increased efficiency and stability. We are presently on the verge of
performing numerical simulation of combustion in real technical devices based on first
principals. Such simulations will first of all help to gain a fundamental understanding of
the interactions of fluid mechanics and chemistry in turbulent combustion, but also to
build the models and tools needed for accurate predictions.

Your proposal for NFACS will go a long way to providing the necessary computing
resources to begin to address these problems head-on. In particular I am looking forward
to work with the NFACS team at Berkeley and provide input and computational
requirements for the science-driven computer architecture design. I believe that this
process, and the qualifications of the NFACS applications team will lead to new high
performance computer architectures in support of science, and consequently to new
breakthrough calculations in computational science.

I acknowledge that my group is listed as one of just a few potential users in the area of
computational combustion and that we will endeavor to work with Lawrence Berkeley

National Laboratory to produce the best science possible. If this proposal is funded, we
look forward to a long and successful collaboration.

Sincerely,

Z\fm.:t V‘/K_/(

Heinz Pitsch
Assistant Professor



(1) Sandia National Laboratories
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Sandia Corporation
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Prane: (25} 204-2081
Far  (B25) 204-2505
DOr. Horst D, Simon intemat  RAMNTHandis gov
Director NERSC
One Cyelotron Road, M/S; 50B-4230
Berkeley, California 94720 March 26, 2004
Dear Horst,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science (NFACS) is
a strategic step for providing a leadership class computing system to computational scientists in the US.
With this letter I, and my colleagues J. Chen, H. Najm, and J. Ocfelein at DOE's Combustion Reszarch
Facility (CRF), enthusiastically express our support the NFACS proposal to provide the most capable
computing system possible to tackle the most challenging science problems. We are involved in two
SciDAC teams, the “Computational Facility for Reacting Flow Science™ led by Habib Najm and the
*Terascale High-Fidelity Simulations of Turbulent Combustion with Detailed Chemistry™ led by Amaud
Trouvé (Univ, Maryland). We strongly agree with vour approach to the next generation of computing
facilities, one where the focus is on enabling high-end, high-value science rather than on an enhanced
compuling capacity for general science users.

This possibility of such a computational capability could not be available at a more opporiune
time, as it will thrust combustion science into a long sought era of predictive understanding that will
enable the discovery and computational design of unigue new energy systems. The opportunity is
important both because of an urgent need driven by environmental impacts and competition for finite
supplies, and because the field has matured in its theoretical and experimental capabilities leaving
computation as the approach pacing our progress. For our large-eddy simulation {LES) models, the
increase in computing performance discussed in this proposal will enable full device-scale simulations at
the resolution necessary to accurately capture the entire spectrum of hydrodynamic energy-beaning scales.
For the direct numerical simulations (DNS) efforts, 3D full-detail simulations are enabled for
computational domains large enough to allow direct comparisons to experimental data and with realistic
chemistry for important combustion processes. The confluence of hoth advances offers a unique synergy
between the approaches, affording the development of sub-grid models and detailed understanding that
will under-gird a revolution in combustion technologies,

Your proposal for NFACS will provide the necessary computing resources 1o begin 1o address
these problems head-on. In particular we are looking forward to work with the NFACS team at Berkeley
to provide input and computational requirements for the science-driven computer architecture design. |
believe that this process, and the qualifications of the NFACS applications team will lead to new high
performance computer architectures in support of science, and consequently to new breakthrough
calculations in computational combustion science.

We acknowledge that the projects listed represent just a few of the potential users in the arca of
combustion science and that we will endeavor to use the CRF's User Facility role in collaboration with
Lawrence Berkeley National Laboratory to produce the best science possible. If this proposal is funded,
we look forward 1o a long and successful collaboration.

Exceptional Servce i the MNatonal inleres!




@ Sandia National Laboratories

Operated for the U.S. Department of Energy by
Sandia Corporation

03/28/2004

Horst Simon

Director National Energy Research Scientific Computing (NERSC) Center
Director Computational Research Division

Lawrence Berkeley National Laboratory

Dear Dr. Simon,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science (NFACS)
is a strategic step for providing a leadership class computing system to computational
scientists in the US. With this letter | enthusiastically support the NFACS proposal to provide
the most capable computing system in order to tackle the most challenging science problems.
Our research team, the “Advanced Numerical Methods for Transport / Reaction Simulations”
effort funded by the DOE Office of Science MICS program strongly agrees with your approach
to the next generation of computing facilities, one where the focus is on high-end science
rather than on an enhanced computing capacity for general science users.

An important aspect of our Office of Science funded effort is focusing on the development and
critical evaluation of implicit, coupled, multi-physics solution algorithms for complex transport
reaction systems. These systems include semi-conductor thin film deposition chemical
processes, fuel cell systems, catalytic reactions for partial oxidation of methane for production
of methanol and turbulent combustion systems. The computational solution of these highly
nonlinear coupled multiple time and length scale systems requires the very largest available
parallel computing resources. Our highly parallel solution algorithms and scientific software is
efficient and has run on over 7000+ processors (Sandia-Intel TFlop machine) but currently our
largest calculations require even more capable computing platforms.

Your proposal for NFACS will go a long way to providing the necessary computing resources
to begin to address these problems head-on. In particular | am looking forward to work with the
NFACS team at Berkeley and provide input and computational requirements for the science-
driven computer architecture design. | believe that this process, and the qualifications of the
NFACS applications team will lead to new high performance computer architectures in support
of science, and consequently to new breakthrough calculations in computational science.

Exceptional Service in the National Interest



| acknowledge that my group is listed as one of just a few potential users in the area of
reacting flow and that we will endeavor to work with Lawrence Berkeley National Laboratory to
produce the best science possible. If this proposal is funded, we look forward to a long and
successful collaboration.

Sincerely,

John N. Shadid

Computational Sciences Dept.
MS 0316, PO Box 5800
Sandia National Laboratories
Albuquerque, NM 87185-0316

(505) 845 — 7876
inshadi@sandia.qgov
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arch 23, 2004
[, Harst Simon,
Direcior ol RERSC
Lawrencs Berkeley Matonul Laboratocy
One Cyvelotron Road,
Derkeley, California 94720

RE: Lettcr of Erdorsemeinl

[Dear [Ir. Simon,

| wriling this letter ag the leader of a DOE ScilDAC project enlitled " Ferascole High-
Fideline Nimularions of Twrbuleny Combustion with Delailed Chemisiry ™. Our SabDAC
project is fiunded by Basie Unergy Seiences in the DOE Office ol Scicnee and is & muld-
institution high-performance-computing project focused on high-resolution simulations
of combustion phenomens,

Our SciDAC Leam is ully aware of the strategic impertence of develuping new large-
scale enmpuring facilities as an enabling ool for combustion seicnec. The proposal by
Lawrence Derkeley National Lahoratory (LBNL) for o Natonal Tacility for Advanced
Computationul Scienve (NIACS) is a strategic step for providng a lfeadership class
computing system to computational sclentisls in the US in zencral, and combustion
scientists in particular. We are happy 1o provide with this latter our support Lo the NFACS
proposal,

Wi also strongly agree with your approach of developing NEACS s a lopical computing
center, with a strong sense of the newl 1o integrate different sets of skills towards a
commaon seicnce=driven goal. We cerlainly welcome vour willingness o include
combustion science as one of the limited number of uppheshon areas. In our opinion, the
proposed NUACS capabilities put compuiational combustion on the verge of muny
lireakthroughs, For instanee, direct numerical simulation (“direct” refers 1o simulations
that are based un [ret priociples and iree of turhulence modehng ervors) applied to
laboratary-seale burners is within the reach of NIACS. The ability to perform high-
resolution sinulations of Taboratary-seale flames iz expected Lo provide & guantum leap in
our underslanding of Name-Now intsractions and therehy lead to major advances in the
cngincering design of better combustion svstems (with higher fuel cfficiencics amd
reduced pollulin! emissions),



We are looking forward to working with the KFACS team at LBNL and to providing
inpul and computational requirements for the science-dnven computer archiveclure
design. We alao acknowledze that our team {5 listed as one of just a few potential users in
the aren of combustion science and that we will endeavor to work with LBENL to produce
lthe best sciemce possible. If this proposal 15 lunded, we look forward 1o a long and
suceessful collaboration.

Sincerely,

e
s ;
- 5
- Arnaud Trouve
e Axsocige Professor
SalAC project leader

(o)



Princeton University  Plasma Physics Laboratory
James Forrestal Campus
P.O. Box 451, Princeton, New Jersey 08543

March 29. 2004

Dr. Horst Simon

Director, National Energy Research Supercomputer Center
Lawrence Berkeley National Laboratory

1 Cyclotron Road

Mail Stop 50B4230

Berkeley, CA 94720

Dear Horst:

The Lawrence Berkeley National Laboratory proposal for a National Facility for
Advanced Computational Science (NFACS) is directly addressing one of the most critical
needs in computational fusion science: facilities for leadership class computing. As our
highest-end computational models become more mature, finding the required
computational resources to exercise them is becoming the major obstacle. This is
especially true for NIMROD and M3D, two of the world's most powerful simulation
codes that form the basis for our SciDAC team, the "Center for Extended
Magnetohydrodynamic Modeling" (CEMM). The application of these codes to the most
pressing problems in fusion requires a dedicated computational facility where the focus is
on the high-end user rather than on an enhanced computing capacity for general science
users.

The focus of our work in the next decade will be to strengthen the physics basis
underlying the macroscopic dynamics of the new generation of Burning plasma
experiments, such as ITER. It is hard to overstate the importance of this work for that
project, and for tokamak fusion research in general. The operational space of tokamaks is
set by non-linear global stability thresholds. These include the instabilities that set
current limits, pressure limits, density limits, and limits on the cross-sectional shaping.
High performance burning plasma tokamak discharges must necessarily operate near
these stability boundaries, but cannot exceed them. It is therefore essential that we
develop a quantitative, predictive understanding of the detailed mechanisms that set these
operational limits and how they scale with size and plasma parameters from the present
generation of tokamaks to those of the ITER class. Ultimately, this scientific
understanding will be needed to optimize the design of commercial power plants that will
come after ITER, which will likely be a tokamak or a closely related configuration. This
is an extremely computational demanding problem--one that requires our most high-
fidelity physics models to be run with unprecedented levels of resolution--and hence the
need for extraordinary computing capabilities.

The proposal your team has drafted for NFACS will provide the necessary computing
resources required to address these problems head-on. Our SciDAC team is looking



forward to working with the winning NFACS team to provide input and computational
requirements for the science-driven computer architecture design. We believe that
collaborating with a talented NFACS applications team, such as the one at Berkeley, will
lead to powerful new high performance computer architectures specifically tailored to
address the computational needs we now face, and consequently to new breakthrough
calculations in computational fusion science.

We understand that our group is listed as one of just a few potential users in the area of
fusion science. It is our intention to work closely with the Lawrence Berkeley National

Laboratory team, should LBNL win the competition, to jointly produce the best and most
relevant science possible.

Sincerely,

@ \1‘3]&5’{".,’{; ~—
!

Stephen C. Jardin
Director, SciDAC Center for Extended Magnetohydrodynamic Modeling
Princeton Plasma Physics Laboratory



Princeton University

Plasma Physics Laboratory Office of the Chief Scientist
James Forrestal Campus
IO, Box 451, Princeton, MN.J. 08543
Tel: 604-243-2612
Fax: 609.-243-2662
E-mail: tang@pppl.gov

26 March 2004

Dr. Horst D. Simon

Associate Laboratory Director for Computing Sciences and

Director, National Energy Research Scientific Computing (NERSC) Center
Lawrence Berkeley National Laboratory

Berkeley, CA 94720

Dear Horst,

| understand that Lawrence Berkeley National Laboratory (LBNL) is in the
process of submitting a proposal to the Department of Energy Office of Science
for a National Facility for Advanced Computational Science (NFACS). The
purpose of this letter is to highlight the benefits that a leadership-class computing
system of the scale that you are proposing can provide for the advancement of
fusion computations in the key area of microturbulence simulations. | am
pleased to say that PPPL's research effort on this vitally important topic has in
fact produced advanced codes which not only utilize at present the full available
power of NERSC's Seaborg supercomputer but are also optimally positioned to
access those next generation high-end computing platforms capable of
accelerating the pace of new scientific discoveries.

In the area of microturbulence simulations, the PPPL team is actively
utilizing the most modern tocls in computational physics, applied mathematics,
and computer science as well as the most advanced computer hardware
available. After decades of research and modeling and significant progress, the
physics understanding of how fusion-grade plasmas behave remains a great
scientific challenge. The problem persists largely because, until recently,
computer resources have been inadequate to carry out the needed level of multi-
dimensional and highly resolved computations. Your proposal for NFACS will go
a long way to providing the necessary computing capability to begin to address
these problems head-on. This should of course be complemented by the
development of more efficient algorithms, associated software, and necessary
data management. We are pleased that you have selected the Gyrokinetic
Toroidal Code (GTC), one of the major codes featured in our newly proposed
SciDAC project ("Center for Gyrokinetic Particle Simulation of Turbulence



Transport in Burning Plasmas") as the Fusion Energy Science representative in
the NFACS benchmark suite for assessing performance of advanced
computational platforms. Our past and ongoing collaborations with researchers
at Lawrence Berkeley Lab on important projects, such as the evaluation of the
performance of the Earth Simulator Computer (ESC) in Japan, have been very
productive and are much appreciated by all parties involved.

Based on our past successful experience in architecture evaluation with
NERSC, we are looking forward to continuing to work closely with the LBNL team
on NFACS if yours is the winning proposal. Specifically, the PPPL team in the
advanced microturbulence simulation area will provide input and computational
requirements for the associated development of science-driven computer
architecture design. This process can be expected to lead to new high
performance computer architectures in support of science, and consequently to
new breakthrough calculations in computational science.

Acknowledging that the PPPL microcturbulence group is listed as one of a
few potential users from the area of fusion energy sciences, we will endeavor to
work with Lawrence Berkeley National Laboratory to produce the best science
possible. If this proposal is funded, we look forward to a long and successful
collaboration.

Regards,

=l

Dr. William M. Tang

Chief Scientist

Frinceton University
Flasma Physics Laboratory
Princeton, MNJ 08543



Lawrence Livermore National Laboratory

March 31, 2004

Dr. Horst Simon, Director

NERSC Divison

Lawrence Berkeley National Laboratory
Mail Stop 50B-4230

1 Cyclotron Road

Berkeley CA 94720

Dear Horst:

Berkeley Lab's proposal for a National Facility for Advanced Computational Science (NFACS) is a
strategic step for providing a leadership class computing system to computational scientists in the US.
With this letter I enthusiastically support the NFACS proposal to provide the most capable computing
system in order to tackle the most challenging science problems. The team we have assembled to build an
edge kinetic code for magnetic-fusion systems strongly agrees with your approach to the next generation
of computing facilities, one where the focus is on high-end science rather than on an enhanced computing
capacity for general science users.

The edge plasma model is vitally important in simulating a burning fusion plasma. It affects the physical
wall of the confinement vessel, the production and transport of impurities from the wall into the plasma
and the inventory of tritium in the reaction core. Progress in this area requires improved coupling of
constituent models, especially in kinetics, atomic physics and complex geometry. The wide range of length
and time scales that must be modeled presents a significant demand for computational resources. A key
accomplishment in this area will be the prediction of the structure of the so-called "pedestal" (a region of
rapid radial variation of temperature and density) in the plasma edge. The pedestal height has a large
impact on reactor performance and is the source of significant uncertainty in current reactor models.

Your proposal for NFACS will go a long way to providing the necessary computing resources to begin to
address these problems head-on. In particular I am looking forward to work with the NFACS team at
Berkeley and provide input and computational requirements for the science-driven computer architecture
design. I believe that this process, and the qualifications of the NFACS applications team will lead to new
high performance computer architectures in support of science, and consequently to new breakthrough
calculations in computational science.

1 acknowledge that my group is listed as one of just a few potential users in the area of fusion energy
science research and that we will endeavor to work with Lawrence Berkeley National Laboratory to
produce the best science possible. If this proposal is funded, we look forward to a long and successful
collaboration.

Sincerely,

Gefon

Ronald Cohen
Associate Program Leader
Fusion Energy Program
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University of Wisconsin-Madison

Kuclear Enginesring Enginsading Mechanica Engingaring Phyiles Aatronauics
1500 Enginearing Drve, Room 147 ERB, ‘Madison, W1 S3T06-168T, Tel (S08) 2631848, FAX: [H0E) 283-T48|

March 340, 204
Dx. Harst Simon
Director, NERSC Division
Lawrence Berkeley National Loborutony
| Cyclotron Road, Mail Stop SOB-4230
Herkeley, CA 947X

[dear Dir. Stmon

The Office of Science initiutive for developing Leadership-Class Computing Capability 15 an excellemt
opporunity 10 reinvigorate sdvanced computation in the L1S.. and | am an enthusiastic supporter of the
proposed National Facility for Advanced Computational Science (NFACS) ot LBNL.  Over the past
decade, we have experienced a paradigm where demunds from the peneral computer marketplace strongly
influence supercomputing architectore development. Cenainly some scientific fields have benefited, but
somewhat ironically, applications requiring the most sophisticated numerical algorithms have been
stutited by vanishing effictencies. Our SCIDAL 1eam, the Center Tor Exended Muagnetohydrodynamics
(CEMM). certainly runs into this issue, and partnering with industry 1o eneure sclence-driven architecine
devign, 43 outlined in LBNL's proposal. is very much needed.

High-end computation has been imponum for advancing our understanding of séveral key arcas in the
theory of magnetized plasmas for fusion energy. With 4 burmning plasma experiment now on the horizon,
there W an acknowledged need 1o simulate conditions that have moee extremely scparaied time- and
lengih-scales than the cument generation of experiments, let alone what is computationally tractable o
present. Moreover, we will noed 10 integrate numerical models of disparate effects in order to predict the
nonlincar behavior of plasmas maintsined in ignited conditions. Even today's largess experimentsl
facilities cannot schieve these conditions. and swcoess in the planned ITER facility cannot he assured
without an understanding of nonlinear burning plasou behavior, Thus, simulation through compating
that is effective for advanced numerical algorithms is essential for the development of fusion CRETEY.

While the development of science-ariented hardware requires top priority, suppornt for the scientific
community 15 also essential. In this regard, the planned connection between NFACS and the existing
NERSC center s another outstanding feuure of the proposed effon, since NERSC |s widely
acknowledged as a model facility for user supporr. Thus, the prospect of working with LBNL personmel
on new stale-ofthe ant hardware for scientific computation is really very encouraging from the
applications community standpoint.

| scknowledge that my colleagues in CEMM and | are very interesed in collabomating with LBNL 1o
bring about the most advanced and comprehensive fusion plasma simulations. | am certain that other
plosma simulation grougs will be equally enthusastic, and callshoration 1o help make integrated fusion
plosima mesdzling a reality will daw community-wide support.

Sincerely,
-‘.I = lﬂl .
0 4
Cutl Sovinec

Assistant Professor



March 31, 2004

Dr. Horst Simon

Director, National Energy Research Scientific Computing (NERSC) Center
Lawrence Berkeley National Laboratory

One Cyclotron Road, M/S: 50B-4230

Berkeley, California 94720

Letter of Support — Leadership-Class Computing Capability for Science

Dear Dr. Simon,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science
(NFACS) is a strategic step for providing a leadership class computing system to
computational scientists in the US. With this letter I enthusiastically support the NFACS
proposal to provide a capable computing system to address the challenging science of climate
change. The needs of the US climate modeling research community is well served by your
approach to the next generation of computing facilities, one where the focus is on high-end
science rather than on an enhanced computing capacity for general science users.

Climate modeling stands to particularly benefit from this enhanced capability as many new
and exciting research themes constantly present themselves. Inclusion of the carbon cycle,
multiple types of aerosols and higher resolution are but a few of the areas of current interest
that will be aided by this proposal. The National Center for Atmospheric Research (NCAR)
is one of the principal climate centers in the United States. Our development of the
Community Climate System Model (CCSM) would benefit directly from a quantum leap in
computing capacity.

Your proposal for NFACS will go a long way to providing the necessary computing
resources to begin to address these problems head-on. In particular I am looking forward to
work with the NFACS team at Berkeley and provide input and computational requirements
for the science-driven computer architecture design. I believe that this process, and the
qualifications of the NFACS applications team will lead to new high performance computer
architectures in support of science, and consequently to new breakthrough calculations in
computational science.

I acknowledge that my group is listed as one of just a few potential users in the area of
climate sciences and that we will endeavor to collaborate with Lawrence Berkeley National
Laboratory to advance the state of the art in climate modeling. If this proposal is funded, we
look forward to a long and successful partnership.

Sincerely,

William D. Collins
Chair, CCSM Scientific Steering Committee
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March 31 2004
Dr. Horst Simon
Lawrence Berkeley National Laboratory
One Cyclotron Road
Berkeley, CA 94720

Dear Horst,

Lawrence Berkeley National Laboratory's proposal for a National Facility for Advanced
Computational Science (NFACS) is a strategic step for providing a leadership class
computing system to computational scientists in the US. With this letter I
enthusiastically support the NFACS proposal to provide a capable computing system to
address the challenging science of climate change. The needs of the US climate modeling
research community will be well served by your approach to the next generation of
computing facilities, one where the driving focus is targeted scientific applications rather
than an enhanced computing capacity for general science users.

Climate modeling stands to benefit greatly from this enhanced capability. The next
generation of climate models must predict, rather than specify, the abundance of the
radiatively- and chemically-important trace species in the atmosphere, so that climate
predictions can be directly relevant for informing energy-usage policy decisions.
Inclusion of an interactive carbon cycle, aerosol cycle with multiple species, and higher
resolution are but a few of the urgent research themes that will be enabled by the
NFACS.

Your proposal for NFACS will go a long way to providing the necessary computing
resources to begin to address these problems head-on. In particular I am looking
forward to working with the NFACS team at Berkeley and providing input and
computational requirements for the science-driven computer architecture design. I
believe that this process, and the qualifications of the NFACS applications team will lead
to new high performance computer architectures in support of science, and
consequently to new breakthrough calculations in climate science.

Sincerely,

B Bl

Inez Fung.



The University of Oklahoma

DERPARTMENT OF PHYSICS AND ASTRONOMY March 29, 2004

Dr. Horst Simon
NERSC

LBNL, MS 50B-4240
1 Cyclotron Rd.
Berkeley, CA 94720

Dear Dr. Simon,

This letter is to voice strong support for your proposal to build a National Leadership Computing
Facility (NLCF) at Berkeley Lab. Our international team, the PHOENIX group, uses supercomputers
all over the world to calculate synthetic spectra of all types of astrophysical objects from Brown Dwarfs
and Extra-Solar Giant Planets to novae, supernovae, and active galactic nuclei. We strongly concur
with your approach to the next generation of computing facilities, one where the focus is on high-end
science rather than on enhanced computing capacity for general science users. Such a a facility and
the proposed systems will enable us to carry out computational science at an unprecedented level.

Our work has impact on a large number of missions from the proposed GAIA telescope, the National
Virtual Observatory, and the Joint Dark Energy Mission (JDEM/SNAP). We are gearing up for the
next generation of calculations which will be enormous computational endeavors. We probably already
are the biggest users of both memory and 1/0 bandwidth in large scale scientific calculations

[ acknowledge that my group is listed as one of just a few potential users in the area of astrophysics
and that we will endeavor to work with Lawrence Berkeley National Laboratory to produce the best
science possible. If this proposal is funded, we look forward to a long and successful collaboration.

Sincerely,

L B

Eddie Baron
Professor

440 West Brooks, Aoom 131, Norman, Okdahoma 73018-2061 PHONE: (405) 325-3861 FAX: (405] 325-7557



March 30, 2004

Dear Dr. Simon,

This letter is to voice strong support for your propesal to build a
Naticnal Leadership Computing Facility (NLCF) at Berkeley Lab. Our
research team strongly agrees with your approach to the next
generation of computing facilities, one where the focus is eon high-end
science rather than on enhanced computing capacity for general science
users. Such a a facility and the proposed systems will enable us to
carry out computational science at an unprecedented level.

Our research involves understanding the role of coupled radiation-gas
dynamical flows in a wide range of astrophysical phenomena. In the
area of star formation and the dynamics of the interstellar medium
we are working on high end computations using adaptive mesh refinement
to study the problems of low mass and high mass star formaticn
in turbulent molecular clouds within the galaxy. Our research extends
te investigations into various aspects of triggering star
formation by ionization-shock fronts in molecular clouds, the
interactions of supernova shock waves with clouds in the interstellar
medium, and cloud-cloud hydrodynamic ceollisicns. In addition, we are
studying magneto-hydrcdynamical turbulence in the interstellar medium.
These are all challenging computational problems. Your proposed
facility will go aleong way to providing the necessary computing
rescurces to begin to address these problems head-on.

I acknowledge that my group is listed as one of just a few potential
users in the area of astxophysics and that we will endeavor to work
with Lawrence Berkeley National Laboratory to produce the best science
possible. If this proposal is funded, we lock forward te a long and
successful collaboration.

Sincerely,
Professor Richard I. Klein
Department of Astronomy

University of California at Berkeley
Berkeley, California 54720

and

Lawrence Livermore National Laboratory



4B\ LOUISIANA STATE UNIVERSITY
AND AGRICULTURAL AND MECHANICAL COLLEGE

Center for Computation & Technology (CCT)
Baton Rouge, Louisiana 70803 225/578-4012; FAX 225/578-5362

30 March 2004

Dear Horst,

I am very glad to see your Lab's proposal for a National Facility for Advanced
Computational Science (NFACS). As the leader of a large collaboration in numerical
general relativity I can say without question that it is badly needed. NFACS is a
strategic step for providing a leadership class computing system to computational
scientists in the US. With this letter [ enthusiastically support the NFACS proposal to
provide the most capable computing system, targeted at attacking the most highly
challenging science problems. My international collaboration in simulating sources of
gravitational waves, especially black hole collisions, is very supportive of your
approach to the next generation of computing facilities, one where the focus is on high-
end science rather than on an enhanced computing capacity for general science users.
My research group and collaboration would benefit tremendously from access to such a
facility.

Gravitational waves were predicted to exist nearly a century ago by Einstein. They
have never yet been seen directly, but a new generation of gravitational wave
observatories is poised to detect them for the first time, not only confirming a last
untested pillar of Einstein's theory, but also revealing detailed information about some
of the most exotic objects in the Universe, including black holes, supernovae, neutron
stars, and the Universe itself. This work is a major national priority: The US scientific
community alone is spending hundreds of millions of dollars on a system of
observatories (LIGO and LISA) to find and analyze these waves. But without detailed
supercomputer simulations, not only will signals not be easily understood, they may not
be seen at all. Information from realistic simulations is needed to know how to find the
signals buried in detector noise. The NFACS facility would provide unique and
unparalleled computational power needed to advance this field to the point where
supercomputer simulations could begin to be useful for detection and understanding of
these unknown signals. Without a facility of this kind, the science of gravitational
wave astronomy is greatly hindered.

Your NFACS facility would advance this field by providing the scale of computing
resources required to begin to address problems in black hole, neutron star, and
gravitational wave physics. My research group, and I personally, look forward to
working with the NFACS team at Berkeley to provide input and computational



requirements for the science-driven computer architecture design. My research group
and [ have great respect for your wonderful staff and their capabilities, and have
worked very well with them in the past. I believe that this partnership, and the
qualifications of the NFACS applications team will lead to new high performance
computer architectures in support of science, and consequently to new breakthrough
calculations in computational science.

I understand that my research collaboration is listed as one of just a few potential users
in the area of astrophysics, and that we will endeavor to work with the Lawrence
Berkeley National Laboratory to produce the best science possible. I hope that this
proposal is funded, and we look forward to a long and successful collaboration.

Sincerely,

e i

Edward Seidel

Director, Center for Computation and Technology

Floating Point Systems Professor of Physics and Computer Science
Louisiana State University

and

Max Plank Institute for Gravitational Physics (Albert-Einstein-Institute)
Potsdam, Germany
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March 30, 2004

Dr. Horst Simen

NERSC Division Director
Berkeley Lab, MS 50B4230
1 Cyclotron Road
Berkeley, CA 94720-8130

Dear Dr. Simon, 6‘25‘156—

This letter is to voice strong support for your proposal to build a National Leadership
Computing Facility (NLCF) at Berkeley Lab. Our research team strongly agrees
with your approach to the next generation of computing facilities, one where the
focus is on high-end science rather than on enhanced computing capacity for general
science users. Such a facility and the proposed systems will enable us to carry out
computational science at an unprecedented level,

Cosmology today is in a state similar to where particle physics was 20 years ago. The
big picture is in place, but many of the fundamental questions remain unanswered.
With the tremendous growth in computational and observational power, cosmology is
a rapidly moving and competitive field. The Europeans and Japanese, in particular,
are making great strides with their investments in high-end computing resources.
Your proposed facility will go a long way to providing the necessary computing
Ezsoumes to compete on an international level, and to begin to address these problems
gad-on.

I acknowledge that my group, the Laboratory for Computational Astrophysics, is
listed as one of just a few potential users in the area of astrophysics and that we will
endeavor to work with Lawrence Berkeley National Laboratory to produce the best
science possible. If this proposal is funded, we look forward to a long and successful
collaboration.

Sincerely,

T i

i3
L -
Michael L. Norman, Director
Laboratory for Computational
Astrophysics
Professor, Department of Physics



Reply to Attn of:

National Aeronautics and
Space Administration

Goddard Space Flight Center
Greenbelt, MD 20771

April 1, 2004
600

Dr. Horst D. Simon

Associate Laboratory Director
Computing Sciences

1 Cyclotron Road

Lawrence Berkeley National Laboratory
Berkeley, CA 94720

Dear Dr. Simon:

We are very interested in the potential of your proposed National Facility for Advanced
Computational Science (NFACS). The evolution of space science research is leading to
missions that are more data intensive, systems science research to assimilate data from
instruments distributed in space to develop theoretical models (e.g., sun-Earth
interaction), and investigations into fundamental mysteries of the universe (e.g., dark
energy and gravitational waves).

In the search for gravitational waves, the NASA/ESA Laser Interferometer Space
Antenna (LISA) mission planned for the end of this decade presents a significant
computing challenge. LISA will detect gravitational waves from coalescing massive
black holes. Relativity modeling of the merger stage of the coalescence requires solving
the full Einstein equations in three dimensions numerically. High performance
computing is essential for this modeling, which carries out the solution of more than

17 coupled nonlinear partial differential equations with adaptive mesh refinement. To
achieve the accuracy needed for comparing the simulated waveforms with the observed
data, sustained computing speeds of ten TeraFLOPS or more are needed.

Your proposal for a National facility is especially timely. NASA programs do not fund
computing to support space science research, Funding for data analysis is included in
the budgets for missions, but the computing capability required to explore breakthrough
theoretical research and complex science system modeling must be found through other
sources, Collaboration with NFACS could address a great need for our research
programs and would be an outstanding example of inter-agency cooperation.

W
. Jo

nathan F, Ormes
Director of Space Sciences
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Dx. Horst Simon

Director, NERSC

One Cyclotron Road, MS 50B-4230

Berkeley, CA 94720 30 March 2004

Dear Horst,

Berkeley Lab's proposal for a National Facility for Advanced Computational Science (NFACS)
represents & major leap forward for computational s¢ience in the U.S. Tam happy to endorse this
proposal as I feel that funding of the NFACS facility at LBNL will thrast the U.S. 1nto a clear
eadership role within the global computational science community.

NFACS is critical to providing the computational resources necessary for {wo major
computational science projects that I am curvently engaged in: the DOE SciDAC finded
TeraScale Supernova Initiative and the NASA Computational Technologies funded IBEAM
Grand Challenge project. Both of these projects have a need for computational resources up to
and beyond the Petaflop scale. As you know, the Terascale Supernova Initiative (TSI is
currently in production at NERSC for our first generation supernova explosion mechanism
models. Our road map for increasingly realistic models requires resources at the 30 Tflop to 1
Petaflop level. Similarly, the IBEAM project which is engaged in developing multidimensional
radiation=hydrodynamic models of gamma-ray buests hag a simnilar requirement. Both of these
profects demand the capability of implicitly solving the fime-dependent, 3-D, multi-group
Boitzmann equation in a radiation-hydrodynarmics context. The development of 2 50 Tflops
sustained performance capability at NFACS will enable this Boltzinann radiation-hydrodynamics
simulations for the first ime. More importantly, 30 Tflops sustained performance means that we
will be able to gain a level of scientific understanding of 3-D nuclear astrophiysical phenomena
that has been previously inacceessible to us. _

1 am incredibly excited about using NFACS 10 enable new scientific discovery on both the TSI
and IBEAM projects. You have a very well thought owr architecnire road map that promises the
resources that we require for our scientific endeavors. Furthenmore, I can honestly state that {
have never experienced, even during my years a5 a staff member at NCS A, a finer, more well nun,
production computing environment than NERSC, My collaborations with the staff members of
NERSC leaves no doubt in my mind you have the expertise and professionalism to provide a the
saime owistanding guality of service

at NFACS.

{ bave also had the opportomity to review your system architecture plan for NFACS and T could
1ot possibly be more entiusiastic about the road tpap that you have put forth! I wholeheartedly
endorse your choics of the Blue Planst processor design especially in light of the willingness of



IBM to support the VIVA Virtual Vector Architectare. In my opinion this cholee is optimal given
the ever-increasing emphasis on realism of scientific siranlations. Inoreasing realism often entails
increasingly messy microphysics: chemical resctions, complex eguations of state, opacities, etc,
Such messy, but realistic microphysics is handled more cost effectively on non-vector rchitectures
which can provide more fiops/dollar than vector architectures.

I'd like to comment on this point a bit further. Our experience over the past decade has shown
that our rediation-hydrodynamic simlation codes can be tuned 1o run at a high fraction, L.e. 20%
of theoretical peak speed on 2 wide variety of superscalar architectures. 'We have bsen able to
achieve such a high fraction of theoretical peak speed on vector architectures only if we restrict
ourselves to purely ideal gas equations of state which are trivially vectorizable. Unfortunately
restricting ourselves to such simple descriptions of microphysics excludes any attempt to
realistically model a large variety of physical phenomens. In our nuclear astrophysical models we
have been able to tume our complex equation of state implementations run extremely rapidly on
superscalar processors. ‘The equation of state code requires a large number of flops per accessed
word of data but it is not vectorizable. On some superscalar architectures we were able 1o get this
cor¢ kernel to obtain 40-50% of the theoretical peak speed of the processot, However, on vector
architectures such as the Cray Y-MP, the Cray 2, and the Cray C90 we were able to obtain only a
few percem of theoretical peak, at best, because of the non-vectorizable nature of the floating
point operations. This is an excellent example of a kernel that performs well on superscalar
processors but performs poorly on vector architectures. Other portions of our simulation codes
that involve complex nuclear microphysics kave shown similar behavior, There are postions of
our codes that will perform well on vector architectures and I fully expect that these portions will
perform at a similar leve] under the VIV A extensions that IBM has agreed to support. Goingtoa
single processor core design we hould easily be able meet or exceed our previous single processor
performance. The initia] benchmark results of our V2D code on the Powerd processor are
incredibly exciting and indicate that we should have no problem obtaining performance at at least
the 20% level on this processor. I am also pleased by the choice of the Federation interconnect
for LCS-1 and the use of GPFS as a paralle] filesystem. Both of these technologies represent a far
moys viable alternative to ackieving ulirascale computing capabilities than other inferesting, but
unproves, technofogies,

Figally, I want {o state that [ realize that the projects [ am engaged in represent only a porction of
the scientific application portfolio that NFACS would host. However, 1 Iook forward to working
with LBNL and the other scientific application teams 1o make a generational leap in
compirtational science!

Siacere%:zé/
F. i)ngias westy

Research Assistant Professor
SUNY a1 Stony Brook



UNIVERSITY OF CALIFORNIA, SANTA CRUZ

BERKELEY = DAVIS + IRVINE + LOSANGELES + RIVERSIDE - SaNDIEGD « SANFRANCISCO FANTA RARBARA = SANT & CHUZ

DEFARTMENT UF ASTRONOMY AND ASTROPHYSICS SANTA CRUZ, CALIFORNMIA 55064
LCOLICK OBSERVATORY FAX (B31)-459-5265

winsleyFecolick.org  « (B31)-259.2976

March 19, 2004

Dear Dr. Simon:

| am writing to endorse your Leadership-Class Computing proposal. Our DOE-
SciDAC team, the "Supernova Science Center” believes in a balanced approach to com-
putational physics. While it is important that a large number of users have access to
machines with moderate capability, there are also very important problems that can only
be solved by a sustained focus and concentrating resources among a few users. One of
these is supernovae.

Supernovae are nature's grandest explosions and an astrophysical laboratory in
which unique conditions exist that are not achievable on Earth. Understanding these ex-
plosions and their signals is therefore important, not only because of their central role in
astronomy and nucleosynthesis, but because a full understanding of supernovae may lead
us to a better understanding of basic physics. Despite decades of research and model-
ing, no one understands, in detail, how supernovae work. The problem persists largely
because, until recently, computer resources have been inadequate to carry out a credible
multi-dimensional calculation. Your proposed facility will go 2 long way to providing the
necessary computing resources to begin to address these problems head-on.

| acknowledge that my group is listed as one of just a few potential users in the
area of astrophysics and that we will endeavor to work with Lawrence Berkeley National
Laboratory to produce the best science possible. If this proposal is funded, we lock for-
ward to 3 long and successful collaboration.

Yours sincerely,

ST~ W

S. E. Woosley
Professor of Astronomy and Astrophysics
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D.4 Compliance with Section 307 of the Consolidated Appropriations
Resolution, 2003

Compliance of this proposal with Section 307 of the Consolidated Appropriations Resolution, 2003,
is described in the letter of the Laboratory Counsel reproduced on the fdlowing page.

D-74
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Office of the Laboratory Counsel

Ex1.7025 = Fax 6498 = MS:50A-4112

April 8, 2004

IN STRICT CONFIDENCE
ATTORNEY CLIENT PROTECTED INFORMATION

To:  Horst Simon
Associate Laboratory Director for Computing Sciences

From: Glenn R. Woods }’:gy_mm

Laboratory Counsél

Re:  LBNL Proposal to the DOE Office of Science — National Facility for Advanced
Computational Science (NFACS)

This is written in regard to our meeting today concerning the Laboratory’s NFACS proposal and
Section 307 of the Consolidated Appropriations Resolution, 2003. You have asked me to review
the proposal in view of the constraints set out in Section 307. My analysis and conclusions are
set forth below.

In regard to the statements in the LBNL proposal concerning Applications Partnerships, it is clear
that there is no promise of any privileged access to applications scientists and that a competitive
peer reviewed access and use process will be used. In addition, in regard to the statements in the
proposal concerning the Leadership Computing Consortium Members, it is clear that
membership is open to the computational science community and that charter members obtain no
privileges not available to others who may wish to join later. Finally, in regard to the planned
relationships with the San Diego Supercomputing Center (UC San Diego) and the National
Center for Supercomputing Applications (University of Illinois, Urbana-Champaign), it is my
opinion that the unique nature of these facilities and their compatible technology with NFACS,
provides a strong basis to partner with these NSF funded national facilities in full compliance
with Section 307.

In view of the above, and the revisions which have been made to the proposal, it is my opinion
that the NFACS proposal is in compliance with Section 307.

Please let me know if you have any questions.

MEMORANDUM
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APPENDIX E
Facilities and Resources

E.1 Berkeley Lab Support Strategy

Berkeley Lab senior management is committed to providing cost-effective infrastructure for the
national user facilities and scientific resources with which it is entrusted. In 2000, when NERSC required
additional space and connectivity to high-speed data links, Berkeley Lab worked with a third-party
developer to remodel an available off-site building into the Oakland Scientific Facility (OSF).

It isaLaboratory strategic goal to have high performance computing at a central location on the main
ste. The site identified for this is the Bevatron site, a central location and the maor focus of the
Laboratory’s principle research activities during the 1950s—-1980s. Demolition of the Externa Particle
Beam structure at the Bevatron site this year creates an optimal building site for a modern facility to
house the L SC-2 system and consolidate all high performance computing within Berkeley Lab proper.

Recently, the DOE has encouraged third-party financing approaches to facilities construction, and
these approaches will enable Berkeley Lab to provide the requisite NFACS building by 2007. Because
Berkeley Lab is located on University of California (UC)-owned land, this process is actually less
complicated for Berkeley Lab than for those national 1aboratories situated on federal land, which must be
transferred via a quitclaim deed to a development entity. The University can smply enter into along-term
ground lease with a developer at a nominal cost. When the building is complete, DOE approves a UC
lease of the facility a year at a time over the life of the building. Berkeley Lab and the University are
currently developing a research office building on the main site targeted for completion in 2006 via such a
third party development. The experience and knowledge gained through this procurement give us every
confidence that the NFACS building can be completed on time.

Construction of a building in this way is cost effective for the program. As is the case with the
Oakland Scientific Facility, the annual lease costs would appear as part of an overhead “space charge,”
which includes all Berkeley Lab lease costs and is distributed across al Laboratory programs.

E.2 Building and Physical Infrastructure

Berkeley Lab's Oakland Scientific Facility includes a 20,000-square-foot computer floor and
associated utilities for cooling and power. It houses a number of diverse computational resources,
including two major clusters (Alvarez and PDSF, a High Performance Sorage System, ingtitutional
systems specific to Berkeley Lab information technology (IT) infrastructure, and the 6,656-processor
IBM SP of NERSC. Additional computer equipment for NERSC is anticipated this fiscal year. Currently,
there are 5,000 square feet of computer floor available for an additional system. The LCS-1, described in
this proposal, will require 2,400 net square feet and will readily fit in the existing OSF.

The follow-on system, LCS-2, will be housed in a new dedicated computer building. The site is
located in the center of the Berkeley Lab campus, on part of the site of the decommissioned Berkeley Lab
Bevatron, which was recently demolished. The building has been designed after the new computer facility
at Sandia National Laboratory, Albuguerque, that was built and occupied in less than two years. The
Berkeley Lab building will be ready to accept LCS-2. The 20,000-gross-square-foot building will contain
a computer room and utility support space. The building will be on a dab, with insulated metal wall and
roof panels. The clear span of the building structure will provide maximum operationa flexibility. It will
have a 3 foot raised floor with mechanical and electrical distribution systems. The ceiling will be
approximately 20 feet high. The building will have state-of-the-art fire protection systems. Mechanical/
electrical support equipment will be located adjacent to the building. This site has al major utilities in
place and the availability of up to 12 megawatts of electrica power, from the days when the Bevatron was
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operative. This site also provides for the ability to expand into a second adjacent 20,000 square feet of
computer floor, yielding a 40,000-square-foot computer complex. Site plans and conceptual building
renditions are shown in Figures E-1 to E-3.

The contingency plan for housing LCS-2 is expansion of the OSF to gain another 20,000 square feet.
The OSF was designed for such a contingency, and it can be exercised in time for LCS-2.

Berkeley Lab, therefore, has existing and committed space for NFACS.

Mew NFACS Bullding Site—.

| F T
Berkeley Lab '&
= Existing Computing Sciences Space

Figure E-1. Site plan locating the NFACS building on the LBNL campus, near
the existing research space and offices of Computing Sciences.

Figure E-2: Site before demolition of portion of Bevatron
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Figure E-3. Building site plan, showing available space for the 20,000 sf NFACS building and
adjacent expansion space. Demolition to release this site was completed in March 2004.

Figure E-4. Conceptual drawing of the NFACS building.
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E.3 Networking, Data Storage and Archives, and Security

The process of large-scale science is changing. Very large data sets from experiments, simulations,
and sensor arrays are critical resources for today’s science, and those resources must be provided
efficiently and securely to remote high- performance computing and storage systems. At the sametime, a
new science paradigm is emerging in which multiple national assets — computational, data, and
experimental—are employed simultaneoudly in the process of scientific discovery. Projects such as the
DOE Science Grid are constructing the infrastructure of software and services that will automate the task
of using these systems in concert for large-scale scientific problem solving.

As the home of the Energy Sciences Network (ESnet) and NERSC, the lead site for the DOE Science
Grid, and one of the original six development sites for the High Performance Storage System (HPSS),
Berkeley Lab has aready made significant progress in integrating high-end computing, storage, and data
management into the Grid environment. We will do the same for NFACS, thereby facilitating large-scale
science for DOE and the nation.

Networking

As a nationa facility whose users routingly transfer massive quantities of data, NFACS is geared
towards providing wide-area-networking connectivity at the highest possible performance. Berkeley Lab
and NFACS are located near the primary switching point for national networks in Northern California at
Sunnyvale — home to both the Qwest and Level 3 networking hubs. The Qwest hub is the transit point for
the backbones of magjor production networks such as DOE’s ESnet, the National Science Foundation’s
(NSF's) Abilene, the Nationa Aeronautics and Space Administration’s (NASA’s) NREN (NASA
Research and Education Network), and the NSF TeraGrid, while the Level3 hub carries experimental
dark-fiber networks such as the Nationa Lambda Rail, the DOE Ultranet, and the Corporation for
Education Network Initiatives in California (CENIC)/Pacific Light Rail. The proximity allows NFACS
easy and cost-effective access to each of these networks. In order to promote interaction with and
outreach to scientists in industry, academia, and other federa programs, Berkeley Lab will work closely
with ESnet to create network peering arrangements that will maximize the effective remote access to
NFACS users regardless of their ingtitutional affiliation and facility location.

In order to ensure the highest-performance-available production network accessto NFACS, Berkeley
Lab will immediately upgrade its connection to Sunnyvale to optical cable OC-192 in order to match the
existing backbone bandwidth of the ESnet and Abilene production networks. In order to provide more
effective access to the NSF user community, ESnet and Abilene are finalizing an arrangement to peer
their networks at each of these co-located hubs at Sunnyvale, Chicago, New Y ork, and Atlantato create a
common network backplane that provides full connectivity between the labs and universities comparable
to what either backbone aone can provide. ESnet and the Abilene will aso deploy a monitoring
infrastructure to ensure that the quality of service is maintained. These upgrades coincide with NERSC's
movement to a 10- Gigabit internal network infrastructure, which is already under way. Both the upgraded
internal network and wide area network infrastructure will be immediately available to the first-
generation NFACS system and will continue to be expanded to match the scale of successive systems and
continuously match the performance improvements of the production-network backbones.

In the first year of NFACS operation, ESnet will deploy a multiprotocol label switching (MPLS)-
based quality of service (QoS) service that operates initially between ESnet border routers. This service
will support guaranteed fast data paths between selected sites as a schedulable service. Within the next
two years, ESnet and Abilene will deploy a system that will alow dynamic provisioning of circuits across
both networks as envisioned by the Internet2 Hybrid Optical/Packet Infrastructure (HOPI) working group.
This will enable dedicated “bandwidth corridors’ that support high-speed transfers between sites using
efficient fixed data rate protocols. This will support NFACS storage peering arrangements between other
laboratories and NSF-Partnership for Advanced Computational Infrastructure (PACI) supercomputing
centers in order to support our vision of a nationwide supercomputing infrastructure.

E-4
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In addition to its support of production network infrastructure, the NFACS system will tie in to major
experimental and dark-fiber networks, such as the TeraGrid, DOE Ultranet, and National Lambda Rail, in
order to add its capabilities to avibrant research community that combines sensors, archival data, and
supercomputers to accomplish large multidisciplinary scientific projects. Berkeley Lab proposes
connecting NFACS to the NSF TeraGrid with three OC-192 Packet over Sonet (PoS) lambdas to the Los
Angeles TeraGrid hub. This link would provide NFACS users with the same level of connectivity as the
currently established TeraGrid sites. Details of the proposed TeraGrid connection are provided in
following section and the letter of support from the TeraGrid Consortium in Appendix D. In addition,
ESnet and CENIC are in the process of defining a 10-Gigabit dark-fiber metro area network (MAN) that
will link together Bay Area universities and research laboratories. The MAN will support a mixture of
experimental and production network activities and will offer the capacity to dynamically expand to
accommodate demand through dense wave division multiplexing of signals over the fibers. The customer-
owned dark-fiber MAN can therefore accommodate a variety of network peering options available via
Sunnyvale in a cost-effective manner. As part of the project, we will review high-performance networking
options on a periodic basis and will transparently shift to lower-cost technologies as they are available.

In collaboration with ESnet and other sites, Berkeley Lab will be active in deploying the latest
enhancements in local and wide-area networking systems and protocols, such as 10-Gigabit Ethernet and
InfiniBand, to enable NFACS clients to move data and to provide system access for enhanced services
such as remote steering, Grids, and visudization. The Laboratory will continue its emphasis on
eliminating bottlenecks in the wide area network—loca area network (WAN-LAN) boundary, since thisis
the key to success in many bandwidth-intensive applications. To deliver the full capability of NFACS
system to its users, Berkeley Lab is committed to continuing its role as a center of excellence in network
engineering.

Connecting NFACS to the TeraGrid

To promote interaction and outreach to scientists in industry, academia, and other federal programs,
Berkeley Lab proposes connecting NFACS to the NSF TeraGrid with three OC-192 PoS lambdas to the
Los Angeles TeraGrid hub. Consequently, the TeraGrid Consortium has extended its invitation to
establish this connection if NFACS is funded. This link would provide NFACS users with the same level
of connectivity as the currently established TeraGrid sites.

Dark fiber, dim fiber, and managed lambda connections to Los Angeles using severa vendors were
evaluated. The proposed solution, purchasing managed lambdas from the not-for-profit CENIC, was
selected not only because it was the least expensive but also because it may be possible to obtain a
multiyear irrevocable right of use (IRU). Having CENIC as the transport provider is by far the most cost-
effective solution and aso has other benefits. The L.A. TeraGrid hub is co-located in a CENIC rack, so
the L.A. buildout is simplified to adding additiona OC-192 interfaces to the existing Distributed
Terascale Facility (DTF) Juniper hub router and connecting three fiber jumpers to the CENIC wavegear
within the rack.

CENIC will multiplex the three OC-192 PoS lambdas onto their existing fiber and transport them to
Emeryville, the closest peering point, about two miles from Berkeley Lab's OSF, the site of the NFACS
and NERSC computing center. There they will be demultiplexed and cross-connected to three pairs of
Metromedia Fiber Network Inc. (MFN) dark fibers, which will terminate at the 415 20th Street, Oakland,
CA, PoP (point of presence). Thisislocated in the basement of the OSF.

The three OC-192 circuits will be cross-connected to a Juniper T640 at the OSF, which will serve as
the dedicated TeraGrid site router for NFACS's presence on the TeraGrid. After considering several
aternatives, Berkeley Lab chose a Juniper router for maximum compatibility with the existing TeraGrid
infrastructure and for the advanced features available on the Juniper T-series platform. Although the
connection to the TeraGrid could be accommodated with a Juniper T320 router, Berkeley Lab proposes
utilizing a T640. For a 4% higher cost than a T320, the T640 will provide a cost-effective upgrade path to
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OC-768 and will aso alow for significant growth space if other Northern California sites are authorized
to connect to the TeraGrid through the OSF router. In addition to the OC-192 interfaces, the T640 would
be configured with three 10-Gigabit Ethernet interfaces and one multiport Gigabit Ethernet interface
card. The three 10-Gigabit Ethernet interfaces would be connected as a single Ether Channd to the OSF
TeraGrid switch.

After evaluating 10-Gigabit network switches from multiple vendors, Berkeley Lab proposes a
Foundry Networks Biglron MG8 switch (in layer 2 mode only) as the dedicated TeraGrid switch.
Consigting of one four-port 10-Gigabit Ethernet line card and multiple :Gigabit Ethernet cards, the
Foundry switch will provide for gigabit aggregation in connecting with NERSC and NFACS computing
and storage systems. The MG8 switch was chosen over its competitors for several reasons. First, the
design and performance capabilities of the MG8 qualify it as an outstanding candidate. This, coupled with
a cost savings of over $130k compared to a ForcelO switch, makes it the most cost-effective choice.
Findly, Berkeley Lab’'s excellent relationship with Foundry Networks and the proximity of their
headquarters compl ete the equation for a successful solution. Foundry Networks is a market leader in 10-
Gigabit port shipments, was among the first vendors to release a 10Gig-E product, and is a profitable
company no longer dependent on venture capital.

Berkeley Lab proposes connecting NERSC’ s HPSS to the TeraGrid switch by adding a dedicated 10-
Gigabit interface to each of two HPSS nodes running on IBM p655 AlX systems. With IBM’s 8 Gb/s disk
subsystem (four 2 Gb/s Fibre Channel) matching the network interface performance, the HPSS system
has the underlying hardware to sustain much greater than 40-50% efficiency.

HPSS has the capability of striping data transfers, not just across interfaces in a given node, but across
multiple nodes. This would allow our two HPSS nodes connected to the TeraGrid to work in concert on a
single transfer, enabling sustained data rates above 10 Gb/s. NERSC's role in the HPSS development
community will enable functiona requirements to be efficiently added to HPSS and will enable the
TeraGrid as atestbed for further enhancements, as well as providing strong production capabilities.

Data Storage and Archives

NERSC's HPSS has enough capacity to serve both NERSC and NFACS clients. NERSC currently
stores approximately 1,050 terabytes (TB) of data (30 million files) and handles between 3 and 6 TB of
I/O per day. The current maximum capacity of NERSC's archive is 8.8 petabytes (PB) at current tape
densities; the buffer (disk) cache is 35 TB; and the maximum transfer rate is 2.8 gigabytes per second.
NFACS will require large amounts of archival storage and will invest in new tape technology. For LCS-1,
500 GB tape drives and cartridges will be added to the NERSC HPSS, giving a total maximum capacity
of 4.5PB just for LCS-1. For LCS-2, 1 TB cartridges will be deployed, adding 5 PB ayear (10 PB total
for the time period of the proposal) to the potential NFACS storage capability, for a total of 15 PB of
storage.

Berkeley Lab is one of the origina six HPSS development partners and thus serves on both the HPSS
technical and executive committees. Berkeley Lab and NERSC demonstrated the first Grid-enabled HPSS
service at SC2001; at SC2002, Berkeley Lab demonstrated a Web-based portal to HPSS that allowed
users to drag and drop files between GridFTP servers. Currently, NERSC operates DOE's first Grid-
enabled production HPSS gateway (garchive.nersc.gov), which consists of Grid-enabled HPSS FTP
sarvers that can talk to standard GridFTP clients. We aso have specia Grid-enabled HPSS parallel FTP
clients that are interactive and alow for high-speed pardlel data transfers directly to and from HPSS
movers. Our code to enable Grid access to HPSS has been accepted by the HPSS consortium and will be
merged into the main code releases. In addition, we have been instrumental in defining a vision for
HPSS's role on the Grid. We are also in the early stages of testing a Grid-enabled Hierarchical Storage
Interface (HSI) service, and are working on a production Web portal for HPSS using Grid FTP, as well as
areliablefile transfer service.
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Berkeley Lab is aso very involved in developing and providing the infrastructure for high-speed
WAN access to archival storage. The NERSC HPSS contains a wealth of climate, physics, and astronomy
data, routinely accessed by participants in the DOE Earth System Grid via two high-data-rate access
mechanisms, GridFTP and the HRM (Hierarchical Resource Manager), which are running on a Net100
host as well as directly from HPSS. Net100 is a Linux kernel that has been modified to include a suite of
techniques to enable high-speed, wide-area data transfer: fast-start TCP, auto-tuning of window size,
auto-determination of the appropriate number of parallel streams to use, built-in monitoring for end-to-
end performance debugging, etc. HRM is a tertiary storage system interface that optimizes multifile
access to tape-based systems like HPSS, provides caching, and can participate in Grid file replication.
HRM iswidedy used in the high energy physics community, as well asin the Earth System Grid. GridFTP
provides pardld stream file transfer, third party transfers, Grid security, etc. HRM can provide a back end
for GridFTP to optimize access to the tertiary storage system. This combination provides a significant
increase in throughput in very high performance networks, and provides ease of use through the
automated management of multi-file transfers and network and host failures.

Shared storage will be important for NFACS clients, as wider collaborations require transparent
access to a common code base, data, and metadata. The NFACS HPSS will be federated with archival
storage systems (both HPSS and Unitree) across all sitesinvolved in the NFACS Leadership Computing
Consortium (LCC). Users of the LCS systems will have equal access to archival data across NFACS,
NERSC, and PACI facilities through the LCC storage federation. Close coordination of certificate
management between DOE Science Grid, TeraGrid, and PACI sites will enable single-sign-on access
across facilities and seamless transfer of data between archival storage systems. And the *bandwidth
corridors’ described above will support dedicated high-speed data transfers between the sites for efficient
mirroring and staging of massive datasets between their respective storage systems.

In addition to archival storage systems, NFACS will be part of a wide-area shared file system that
will link together all LCC partner sites including the NSF PACI supercomputing centers, NERSC, and
Louisiana State University (LSU). The file system will be based initially on a WAN Globa Parald File
System (GPFS) that is being devel oped through a partnership between IBM Research and the San Diego
Supercomputer Center (SDSC), and will be usable across both Linux and IBMSP supercomputing
infrastructure at LCC partner sites. In demonstrations conducted by SDSC this past year, GPFS sustained
well over 900 MB/sec over awide area 10-Gigabit link. The shared file system will enable more flexible
migration between the systems for users who have shared accounts, and will help the LCC consortium
form awell-integrated computing environment that better serves anationa scientific user community.

Grids

As the home of ESnet and NERSC, the lead site for the DOE Science Grid, and one of the original six
development sites for HPSS, Berkeley Lab has aready made significant progress in integrating high-end
computing, storage, and data management into the Grid environment. We will do the same for NFACS,
thereby facilitating large-scale science for DOE and the nation. NERSC has established ties with all major
Grid effortsin DOE and NSF and is closely collaborating with the DOE Science Grid and al its partners.
The NFACS center staff will leverage the NERSC Center staff’ s broad experience with Grid software and
services. We will work in close coordination with the LCC members to establish the peering of Certificate
Authorities and trust relationships necessary to support coordinated access to Grid services. An interface
to the NERSC Information Management (NIM) system will make it easy for NFACS users to get Grid
authentication certificates and will form the basis for coordinated management of Grid certificates that
will support single-sign-on access to Grid services across al LCC partner sites, including the PACI
centers, NERSC, and the TeraGrid Consortium.
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Visualization and Data Analysis

High-end visuaization and data analysis tools will be essential to turn raw simulation data into
scientific discoveries. NFACS will work closely with its LCC partners to goply technologies developed
across the codition available to the user community. In particular, we will work closely with Lawrence
Livermore National Laboratory (LLNL) to share, test, debug and deploy together the latest ASCI tools for
visualization of massive datasets, including utilization of commercial technologies to achieve new levels
of graphics performance, the LLNL/Stanford-developed distributed paralel rendering software
(Chromium), and proven parallel, scalable end-user applications (like VISIT and Blockbuster movie
player), and the Terascale Browser. The Berkeley Lab/NERSC visualization group will also provide LCS
users and LCC members with access to the VisPortal, which automates complex workflows like the
distributed generation of MPEG movies or scheduling of file transfers, mediates access to limited
hardware resources like off-screen graphics pipes, and controls the launching of complex multicomponent
distributed visualization applications like Berkeley Lab’'s Visapult — an application used fa remote and
distributed, high performance interactive volume rendering of massive remotely located datasets. All of
these tools will be tightly coupled with the high-speed networks, coordinated Grid services, storage
federation and WAN GPFS capabilities deployed across the LCC sites.

Security

It is the policy of Berkeley Lab to provide a safe and secure work environment. To sustain its
scientific mission, it isimportant that the Laboratory protect its resources and assets, both intellectual and
material. Only necessary technical staff have access to computer rooms and computer facilities. The
general staff and the public do not have physical access to these computer resources. All laboratory assets
are tracked and protected by laboratory security services. NFACS users will access the system remotely,
subject to al Berkeley Lab cyber security policies, controls, and restrictions. At the same time, as a multi-
purpose, open, unclassified laboratory, it is essential that Berkeley Lab remain an open environmert that
promotes free intellectual exchanges and collaborative efforts within the international scientific and
technical community. As an unclassified facility, Berkeley Lab makes its facilities available for use by
investigators from institutions throughout the nation and the world.

Berkeley Lab utilizes a state-of-the-art network intrusion detection system (IDS) caled Bro,
developed by Vern Paxson of ACIRI/LBNL. Bro is usualy connected to network lines via passive taps
and is capable of monitoring netwark traffic in excess of 1 gigabit per second. Berkeley Lab and Juniper
have partnered to combine Bro with the unique capabilities of a Juniper router to passively monitor
network traffic and detect anomalies at speeds in excess of 40 gigabits per second with no impact on the
network, as demonstrated at SC2002. Berkeley Lab proposes to connect a Bro IDS to the T640 Juniper
router. This experiment in high-speed intrusion detection will be of great benefit to the TeraGrid, both as
a research tool and for anomaly detection, especialy as the TeraGrid evolves with more sites coming
online. Connection of the Bro IDS will not impact the performance of the router or the network.

Berkeley Lab uses a best-practices approach to cyber security, ensuring that known security problems
are fixed and that systems and networking are proactively managed to reduce exposure to risk while
simultaneously maintaining an open environment. In order to maximize our ability to conduct science and
mitigate the effects of computer security incidents, the Laboratory provides noninvasive advanced
monitoring and automatic reactive tools using components that are embedded in the network as well asin
every computational and storage system. Berkeley Lab's active security infrastructure is able to detect
cyber attacks, detect vulnerable or compromised hosts, and initiate a large-scale coordinated response to
cyber-security incidents without resorting to methods that impede legitimate system access. For example,
firewalls are creating significant roadblocks to pervasive deployment of Grids. Berkeley Lab uses an
active intrusion detection system that offers a compelling aternative to standard firewalls as a means to
defend against cyber attacks. DOE and the Department of Homeland Security are funding efforts to
extend this system to Sites other than Berkeley Lab. The Laboratory will continue to use and improve
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these advanced monitoring tools to provide NFACS with the best level of security with minimal impact
on performance and function.

Berkeley Lab has an outstanding security record and is recognized as aleader in cyber security within
DOE and beyond. This expertise will make NFACS both secure and easily accessible.
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APPENDIX F

Resources and Expertise at UC Berkeley, Berkeley Lab, and
NERSC

Berkeley Lab enjoys an open and unrestricted intellectual environment that is easily accessible to
scientists and visitors worldwide. Berkeley Lab is located in the heart of the San Francisco Bay Ares,
which is home to alarge number of universities, laboratories, major facilities, and a vibrant scientific and
research community. The Bay Area offers the critical mass of resources and intellectua leadership
necessary to assemble an ingtitution of international prominence like the National Facility for Advanced
Computational Science (NFACS).

F.1 University of California, Berkeley

Berkeley Lab's location, only a short five minute walk or shuttle bus ride away from the campus of
the University of Cdifornia at Berkeley (UC Berkeley), facilitates numerous formal and informal
collaborations. Currently there are seven joint appointments of faculty from the Electronic Engineering
and Computer Science (EECS) and Math Departments at UC Berkeley with Berkeley Lab Computing
Sciences: David Culler, James Demmel, Susan Graham, Ming Gu, Arie Segev, Jonathan Shewchuck, and
Katherine Yelick. The combination of NERSC facilities, combined with Berkeley Lab and campus
computing efforts, creates a vibrant community for cross-institution and cross-discipline efforts in
research in algorithms, architectures, and applications, and in training of future computational scientists.
Several of these joint projects have had a significant impact on NERSC.

Collaboration with David Culler and the Millennium project on campus led to funding for the first
cluster at NERSC (sponsored by an Intel grant), and subsequently additional joint cluster development.
This work continues on campus (the Ganglia distributed monitoring and execution system for cluster is
used on 500 clusters worldwide, and Millennium is being upgraded to a 1 Teraflop facility with CITRIS
contributions from HP and Intel), with continued opportunities for collaboration.

Jm Demmd collaborates with Berkeley Lab in areas of numerical algorithms research, One ongoing
example is the SuperLU software, which was used in a computation at NERCS that appeared in cover
article in Science, and which led to a 5x speedup in the NIMROD fusion reaction plasma simulation code.
Other examples include eigenvalue algorithms and cosmic microwave background radiation analysis
algorithms.

Katherine Y elick leads the Berkeley Unified Parallel C (UPC) team, a collaborative effort centered at
LBNL, which may produce more efficient and productive programming models for NFACS platforms.
The UPC group is working on applications of the model, including a parallel mesh generation algorithm
building on Jonathan Shewhuck’s Triangle system, and Adaptive Mesh Refinement agorithms building
on the Colella's Chombo effort. Graham leads the Harmonia project, which is building programming
environments for sequential and pardle languages, in which program anayss is done dynamicaly as
users edit their programs. Future plans include support for detection of race conditions and the integration
of information for performance and debugging.

The Berkeley UPC project includes research into mechanisms for lightweight communication in the
GASNet communication layer, which is designed for portability and performance. It includes a novel
technique for efficiently pinning memory for direct memory access, which is used on current Infiniband
and Myrinet systems and will be of direct usein LCS-2. The UPC team is aso working on fast collectives
that take advantage of network processor offload, and, in collaboration with Yelick and Demmel’s
BeBOP group, into automatic performance tuning of collectives. The group will extend the set of
optimizations to include the fast hardware-based collectives in the LCS systems.
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The BeBOP group has developed severa optimizations for sparse matrix kernels on single-processor
modern memory systems and techniques to automatically select optimizations based on the architecture
and the matrix structure. They are working with Berkeley Lab scientists to extend these ideas to paralée
sparse matrix kernels, and through the SciDAC TOPS effort, integrating their software into applications
and libraries like PETSc. Future plans include an exploration of optimizations for vector architectures,
both physical and virtual.

Kathy Yelick is also working with LBNL scientists on the evaluation of advanced architectures for
scientific computing, including processor-in-memory, streams, VLIW (very long instruction word), and
vectors. This LBNL architecture evaluation team worked closely with IBM in the early stages of VIVA
design to understand the benefits and limitations of vectors, and what type of memory system was needed
to support the more challenging U.S. Department of Energy (DOE) applications.

Jim Demmel isaso the Chief Scientist for CITRIS, the Center for Information Technology Research
in the Interest of Society, a four-campus, 200+ faculty research institute centered at Berkeley.
Groundbreaking for a new $100M building to house CITRIS a Berkeley will occur in Fall 2004. A
central CITRIS activity is the design and deployment of sensor networks, geographically distributed
networks of thousands of tiny, inexpensive wireless micro-electro-mechanical syslem (MEMS) sensors
that can collect enormous amounts of data for societal applications, ranging from energy efficiency in
buildings, to disaster response and homeland security, to biomedica monitoring, to transportation
network monitoring, to environmental monitoring. Many of these research prgects at CITRIS have direct
relevance to future NFACS goals (e.g., the handling of large data sets), so NFACS is looking forward to
continued collaboration with UC Berkeley for the benefit of its user community.

F.2 National Facilities Managed by Berkeley Lab

Berkeley Lab has been aleader in science and engineering research for more than 70 years. Located
adjacent to the Berkeley campus of the University of California, Berkeley Lab is a DOE National
Laboratory managed by the University of California. Many of its scientific staff have joint faculty
appointments with the University.

Berkeley Lab conducts only unclassified research across a wide range of scientific disciplines, with
key efforts in fundamental studies of the universe; quantitative biology; nanoscience; new energy systems
and environmental solutions; and the use of integrated computing as atool for discovery. In addition to its
17 scientific divisions, Berkeley Lab hosts four DOE nationa user facilities. The focus of Berkeley Lab in
managing these large, leading-edge scientific facilities is to provide the best resource, service, and support
to the genera scientific community, both university- and national laboratory—based. Berkeley Lab will
draw on this extensive experience to manage NFACS.

The user facilities at Berkeley Lab support thousands of users throughout the country. In addition to
the Advanced Light Source (ALS, third generation synchrotron light source) and the National Center for
Electron Microscopy, Berkeley Lab manages two networking and computational facilities directly
applicable to the management of the Leadership Class Computational Facility.

The Energy Sciences Network, or ESnet, is a high-speed network serving thousands of DOE
scientists and collaborators worldwide. A pioneer in providing high-bandwidth, reliable connections,
ESnet enables researchers at nationa |aboratories, universities, and other institutions to communicate with
each other using the collaborative capabilities needed to address some of the world’'s most important
scientific challenges. Managed and operated by Berkeley Lab, ESnet provides direct connections to al
major DOE sites with high- performance speeds, as well as fast interconnections to more than 100 other
networks. Funded principally by DOE’s Office of Science, ESnet services alow scientists to make
effective use of unique DOE research facilities and computing resources, independent of time and
geographic location.



Use or disclosure of information contained on this page is subject to the restrictions on the title page of this proposal.

Berkeley Lab also manages the National Energy Research Scientific Computing (NERSC) Center, a
world leader in accelerating scientific discovery through computation. NERSC provides high-
performance computing tools and expertise that enable computational science of scale, in which large,
interdisciplinary teams of scientists attack fundamental problems in science and engineering that require
massive calculations and have broad scientific and economic impacts. NERSC is the foremost resource
for large-scale computation within DOE’s Office of Science. At the heart of NERSC'’s current computer
hardware capability are a 6,656-processor IBM RS/6000 SP with a peak performance of 10 teraflops and
a High-Performance Storage System (HPSS) mass storage system with a 35-terabyte disk cache and an
archiva storage capacity of 8.8 petabytes.

Since it was established 30 years ago, NERSC has built an impressive record of technological
leadership, unparalleled user support, and scientific achievement. Since its early days, institutions across
the country and around the world have tapped NERSC' s expertise and followed its model as they work to
establish their own scientific computing centers.

As part of its commitment to provide the best systems and services to its users, NERSC conducts an
annual survey to gauge satisfaction — and ask for ways to improve — in areas such as hardware,
software, training, communications, and support. Asked to rate services on ascale of 1 to 7, usersin 2003
rated NERSC's user support services at 6.55. Additionally, when responses show concern about certain
aspects of center management, adjustments are made to try to improve the service or system. The 2003
survey results, which can be found at http://hpcf.nersc.gov/about/survey/2003/first.php, aso include
openended comments, including the following:

“NERSC simply is the best run centralized computer center on the planet. | have interacted with
many central computer centers and none are as responsive, have people with the technical
knowledge available to answer questions and have the systenvsoftware as well configured as
doesNERSC.” —2003 NERSC User Survey Respondent

The high ratings given by users reflects both the commitment and responsiveness of the center staff to
manage systems for the best overall use. This commitment was demonstrated during the 1996 NERSC
move from LLNL to LBNL, during which at least one computing system was aways available. Also,
when new computing systems are purchased and installed, their instalation is scheduled so that users
have complete access to existing systems while the new ones are tested and deployed for early use. This
ensures that users continuously have access to the critical high performance computing (HPC) resources.
NERSC aso has a history of working with vendors to improve overal performance of these systems. For
example, in 1998, NERSC was the first center to achieve a checkpoint/restart capability on the Cray T3E
supercomputer. Working with IBM, NERSC's staff has been able to achieve performance runs of
scientific applications a up to 68 percent of the system’s theoretical peak performance, a vast
improvement over the 5-10 percent of peak realized on similar systems at other centers. Another key
measure of effectiveness is the overal utilization of each processor in a high-performance system. Over
the past year, NERSC's IBM has been managed so that processors are utilized more than 90 percent of
the time. This extreme utilization, however, must be balanced with good job-turnaround times. While
filling the system with lots of small fast jobs might make for good statistics, DOE and NERSC are
committed to capability computing, or running jobs requiring 512 processors of more. Balancing jobs of
varying processor requirement and length is critical to making the most efficient use of the system — and
keeping users satisfied. At users suggestions, NERSC staff have continued to fine-tune the scheduling
system to achieve the most beneficial turnaround times.

NERSC has been a leader in capability computing for years. In 1998, NERSC staff were part of the
team that was the first to achieve true 1-teraflop/s performance for a scientific application. More recently,
when the DOE Office of Science decided to launch a new program to select a smal number of
computationally intensive, large-scale research projects that can make high-impact scientific advances
through the use of a substantia alocation of computer time and data storage, NERSC was selected as the
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center best able to provide this capability. Announced last December, al of the first three INCITE awards
were made to university scientists. Because of robust networking connectivity and cybersecurity,
Berkeley Lab has made the interface of the university and national laboratory environments seamless.
This experience and tradition is necessary for support of NFACS if it isto be available to al meritorious
unclassified computational research.

Berkeley Lab’'s Infrastructure and Operations Plan for NFACS will leverage the existing NERSC
Center’s physical, organizationa, intellectual, and support infrastructure. While NFACS and NERSC will
operate separate computing systems and will preserve their distinct missions, the shared infrastructure
will maximize the DOE’s return on investment from both user facilities. As a standalone facility, NFACS
would require a staff of 25 to 30; but integrated into the NERSC Center’s operations, NFACS will need
only 12 additional staff members to provide the same high level of services and support that NERSC
users are accustomed to. Five of those staff are dedicated to the science areas. Just as Berkeley Lab's
computer scientists, computational scientists, and applied mathematicians have contributed to the NERSC
Center’s track record of scientific breakthroughs and accomplishments, we can expect the same kinds of
fruitful collaborations with researchers using NFACS.

F.3 Large Scale System Management at NERSC

NERSC provides both high-end system resources and a comprehensive support structure for over 180
projects. Much information about NERSC can be found at the NERSC Web site (www.nersc.gov),
including annua reports of scientific achievement.

NERSC is one of the national user facilities operated by Berkeley Lab. Others include ESnet, the
Advanced Light Source, and the National Center for Electron Microscopy. NERSC systems are located in
the 20,000 sf Oakland Scientific Facility — a state-of -the-art computer complex that houses NERSC and
other LBNL systems.

NERSC provides exceptional support the entire DOE computational community. The magjor physica
resources are the 10 Tflop/s IBM SP with 6,656 Power3 processors, almost 8 terabytes of main memory,
and more than 70 terabytes of storage. NERSC's HPSS system provides 9 petabytes of archive capacity.
It provides high bandwidth, capability if sustained parale transfers of more than 90 megabytes per
second over jumbo frame Gigabit Ethernet. NERSC also operates an advanced visudization server, a 700-
CPU Linux cluster devoted to high-energy and nuclear physics data analysis, and a variety of smaller
systems.

Just having physical resources does not produce effective science. NERSC provides a full range of
services starting with 24 by 7 by 365 system operations and support. Computer and Network operators
monitor NERSC systems continuously, making sure the systems operate at full performance. They handle
arange of issues and are coordinated with other support staff to provide timely response. Operations is
backed by a professional staff of system administrators who are aways available to respond to system
problems and user issues. NERSC systems, storage and network staff combine standard system
administration with deploying and improving advanced technology. Some accomplishments of recent
yearsare:

NERSC systems — even the low serial number ones — provide highly reliable service, in excess of
99% of scheduled availahility.

Since 1997, the first year of production of the massively parallel processing system, NERSC parallel
systems have operated at 90-95% utilization. A very large percentage of time goes to large jobs. On
the IBM SP, these are jobs that run between 512 and 4,096 processors on a day-in/day-out basis.

NERSC daff have improved networking rates for users. A number of projects have shown afactor of
5 to 20 time improvement in transfer rates.



Use or disclosure of information contained on this page is subject to the restrictions on the title page of this proposal.

NERSC storage staff provide a highly scalable storage system, capable of getting any level of
performance.

NERSC fielded the first large-scale production Linux cluster in 1997. It is till in operation, with
continuously improving technology.

NERSC is leading DOE and a number of sites by having al of its resources dready on the Grid.
NERSC is noted for its very well protected, yet open and flexible cyber security.

NERSC is the world leader a managing large-scale, massively paralel systems. Starting with the
T3E and running through the 10 TF IBM SP, NERSC has shown it is possible to accomplish both high
utilization and very effective capability processing at the same. In addition to the base projects, NERSC
supports most of the SCiDAC project teams — many with very large calculations. In FY04, DOE
introduced the INCITE program, which has 10% of the entire resources of NERSC allocated to three
projects. Capability computing jobs — more than 512 CPUs — dominate the NERSC workload and are
the focus of the queue priority systems. NERSC-3 regularly runs jobs that use 4,096 processors.

NERSC system managers have a great deal of experiencein al aspects of managing systems. NERSC
has manages of the systems on call 24 x 7 to insure the be, most effective. These include:

Hardware and softwar e configuration management. Large systems require strong hardware and
software configuration management to assure consistency and reduce variation. NERSC has developed
system management processes (on many operating systems, including AIX, UNICOS/mk, and Linux) to
install and configure software, distribute operating images to all nodes, and perform many other tasks.
NERSC' s methods have been exported to a number of other sites.

System upgrades have to be tested and planned. The implications of each change are assessed. Often,
there is a complicated interdependency between upgrades that has to be analyzed.

A smilar methodology applies to hardware. Configuration management has to be applied, and
upgrades to firmware and other hard components are planned.

Job Scheduling. The workflow through a system is one of the most important things to the user
community. Users want to know when they can expect their jobs to run, and that they have afair chance
to have their work proceed in the system.

Much system management is spent setting up batch systems and then monitoring the work flow on
the system. Constant adjustments are made based on what types of jobs are submitted, where the hot spots
are, specia requests for priority, expanded limits and other reasons, and of course providing feedback to
the users on job status.

NERSC saff are highly successful at getting the right jobs (for example, capability jobs and high-
priority jobs) to run at the right time. They balance conflicting priorities and keep the system busy, but at
the same time make sure the system continues to run efficiently.

NERSC has even developed metrics and benchmarks for this area. They provide feedback to the users
through a sophisticated, real time Web interface that also provides a history of jobs and metrics. That
allows users to decide how to submit jobs to optimize their allocation as well their productivity.

Parallel file system management. One of the most complex and important parts of parallel systems
is the Global Pardlel File System. File systems require constant monitoring and proactive repair before
problems become obvious to the users. There are specialized file system nodes that manage the data, and
software layers that allow direct, high performance access.

Usage patterns are constantly changing. Some projects are active, while other are not. Disk space is
too limited to provide unlimited amounts of storage, so systems use quotas, assignments to different file



Use or disclosure of information contained on this page is subject to the restrictions on the title page of this proposal.

systems for load balancing, and other methods to (a) provide the space that each active project needs at
the time they need it, and (b) cost-effectively use the resources

Permanent file systems have to be backed up. Today there are few efficient backup tools, so
optimization is important.

I nter connect management. The other complex component of the parallel systemsis the interconnect
technology. Nodes have multiple paths into the “switch,” and there are complex interactions necessary for
load balancing. Also, there is a need to constantly monitor and proactively test the interconnects to detect
sdow points and other anomalies.

The interaction of the interconnect and the file system is aso important. Configuration, tuning, and
job management are necessary to prevent or mitigate interference.

Problem solving. There are always bugs and problems — 24 by 7. Much of the system manager’ stime
is spent resolving problems detected and reported. Some problems are easy, and some are extremely
difficult. Often there must be diagnostic analysis and data collection. Detailed interactions are required
with vendor support and development staff. Multiple patches must be applied and tested.

System tuning. Large systems are in constant need of assessment and tuning. As work loads shift, so
do the bottlenecks and limitations. Systems staff have to identify the limits and devel op ways to improve.

There is proactive testing. For example, at NERSC we run a set of tests periodically to assure that the
system doe not regress in performance. For example, using this method, we were able to detect that one
system was gradually slowing down 5% per month after a reboot. After along series of bug analyses and
fixes, this was eventually solved. Interestingly, no other site reported these problems, because they were
not doing proactive performance testing.

System security. Well-managed systems are the primary protection from intrusion. Proper
configuration, 1Psec security, and monitoring and scanning are parts of providing the level of security that
is appropriate for the risk and recovery time. New software functions, such as Grid Middleware, require
new approaches to provide flexibility as well as protection.

System programming. Different systems — especidly open systems — require occasiona systems
programming development to provide improvements, bug fixes (if there is not a vendor fix), and other
reasons. System programming no longer means just a kernel. There are now many levels (kernel, device
drivers, communication layers, schedulers, etc.) of software interacting in complex ways to provide
system level services.

Account management and accounting. NERSC has an automated system to maintain all account
information, and automatically install and de-install accounts on the right systems. The system, called the
NERSC Information Management system (NIM), also records al usage data and places it in central
database. NIM, developed at NERSC, automates much of the account management process, so that once
the code (a “finger”) is ported to a new system, it is more an administrative task than a technical one to
install and manage accounts. It is also provides much more consistency.

Nonetheless, each system manager also keeps a set of activity logs to show what happened on the
system, and who used what resources. These are used for capacity planning, analysis of security events,
and many other reasons.

F.4 Leveraging NERSC Operations

Operating and maintaining NFACS can easily be integrated with the NERSC Center’'s current
monitoring and operations support for all computing, networking, and storage systems on a24 x 7 x 365
schedule. Routine tasks involve system administration and monitoring, initial system troubleshooting,
system backup, scheduling outages, remedia maintenance, and managing the near-line and off-line
storage media. Three computing system engineers will be required to maintain the LCS over the five-year
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span of this proposal. Vendor personnel will also be available, sometimes on site, to ensure that the LCS
system operates well with high reliability.

NERSC has a long history of managing, tuning, improving, and developing new functiondity for
leadership class systems. For example, by aggressively using advanced scheduler functions, NERSC has
been able to double the amount of computational capability delivered by some systems, compared to that
delivered by the standard vendor software. NERSC systems managers know how to balance high
utilization and fast turnaround for a diverse set of clients and disciplines, and will share that expertise
with LCS system managers.

NFACS/NERSC staff will provide advanced training in the use of LCS systems and technologies.
Most training will be presented live over the Access Grid. Some may aso be broadcast live using the Real
Networks streaming video format. Presentation dides will be available online before and after the
presentations, and presentation materials from past classes will be available for browsing on the NFACS
Web site. Online tutorials on a variety of topics will be developed and made available on the Web, along
with documentation provided by vendors.

The NERSC help desk will provide direct assistance to NFACS clients, as well as managing and
resolving client problem reports. The client community will be able to ask for assistance in the way most
effective for them—not just what is most efficient for the help desk. Thus telephone, email, and Web
interactions will ke supported with timely acknowledgement and response resolution. Once a client
reports a problem, the help desk will manage it until it is resolved, not just send the client to another
group or have the client manage the problem.

The NERSC Center’s accounts and allocation support staff and tools will help NFACS clients
manage their project resources. The Web-based NIM will manage all accounts and projects for NFACS
systems, automatically accumulating usage data of clients and projects, summarizing it, and implementing
resource restriction if a project or client exceeds its alocation. Weekly, monthly, and yearly account
summaries will be distributed to the client community and DOE. NIM will aso manage user credentials
and enable users to access Globug/Grid services on NFACS resources.

F.5 Comprehensive Scientific Support

Many of the important breakthroughs in computational science are expected to come from large,
multidisciplinary, multi-institutional collaborations working with advanced codes and large datasets, such
as the SciDAC and INCITE collaborations. These teams are in the best position to take advantage of
terascale computers and petascale storage, and NERSC provides its highest level of support to these
researchers. This support includes speciaized consulting support; specia service coordination for queues,
throughput, increased limits, etc.; specialized agorithmic support; special software support; visualization
support; conference, and workshop support; Web sever and Web content support for some projects; and
Concurrent Version System (CV'S) servers and support for community code management.

Building on the NERSC Center’s experience working with the specia requirements of high-end
users, a Leadership Computing Applications Team (LCAT) member will be assigned to each scientific
discipline represented at NFACS to help define project requirements, obtain resources, tune and optimize
codes, and coordinate services. Five LCAT members will support NFACS clients. Scientific computing
specialists will wark directly with clients to develop and improve algorithms, enhance performance, and
contribute to software development. In these collaborations, the staff member will typically be a scientist
experienced in the field of study who is also knowledgesable in the computing needs of the project.

Consulting staff will solve and manage client problem reports and requests for assistance, particularly
with regard to programming and application development. Three consultants will be dedicated to working
with NFACS clients. They will introduce new techniques, systems, and technologies, help anayze and
debug problems with user codes, as well as with systems and applications software; report problems to
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vendors, and track problems so they will be corrected in atimely manner. Consulting staff will provide
software support for a complex set of toals, libraries, and environments, such as MPI, TotalView, and
performance-analysis tools. Software packages, including visualization and client interface software, will
be supported.

Berkeley Lab's integrated hardware/software environment for remote visualization support will be
fully integrated into the NFACS infrastructure. High-end visualization and data analysis tools will be
essentia to turn raw simulation data into scientific discoveries. NFACS will work closely with its LCC
partners to apply technologies developed across the coalition available to the user community. In
particular, we will work closely with LLNL to share, test, debug, and deploy the latest ASCI tools for
visualization of massive datasets, including utilization of COTS technologies to achieve new levels of
graphics performance, the LLNL/Stanford-developed distributed parallel rendering software (Chromium),
proven parale, scalable end-user applications (like VISIT and Blockbuster movie player), and the
Terascale Browser. All of these tools will be tightly coupled with the high-speed networks, coordinated
Grid services, storage federation, and WAN GPFS capabilities deployed across the LCC sites. This
represents a powerful set of tools and services that will enable LCS users across the nation to rapidly
understand the enormous amount of data they generate at NFACS. Without tools of this caliber and
computer scientists available to support these tools, the huge data generation engines that NFACS will be
deploying would be virtually useless.

The Berkeley Lab/NERSC VisPortal project is exploring ways to deliver Grid-based advanced
visualization and data analysis capabilities through a Web portal interface. The portal automates complex
workflows like the distributed generation of MPEG movies or scheduling of file transfers, mediates
access to limited hardware resources, and controls the launching of complex multicomponent distributed
visualization applications like Visgpult—an application used for remote and distributed, high performance
interactive volume rendering of massive remotely located datasets. The image-based rendering methods
employed by Visapult are able to hide much of the latency of the intervening network. Visapult's highly
tuned network implementation has enabled it to win the annual SCinet Bandwidth Challenge competition
three yearsin arow, and is well positioned to take full advantage of DOE Science Grid and NSF TeraGrid
distributed networking and computing resources. Over time, the VisPortal interface will be used to closely
integrate storage resource management (SRM) systems like Hierarchical Resource Manager (HRM) with
visuaization and data analysis environments. The Berkeley Lab visualization group will work with the
Grid community on ways to integrate these services across al Grid facilities as well as ways to deploy
Grid-based data analysis technologies developed at other sites on our own systems wherever possible.
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APPENDIX H

NFACS Staff and Biographical Sketches

As an element of the high-performance computing resources at Berkeley Lab, NFACS will be closely
aligned with the NERSC Center at Berkeley Lab. The High Performance Computing Facilities (HPCF)
Divison coordination through the Director and the General Manager will minimize the need for
additional staff and maximize technology leverage. However, within the HPCF Division, NERSC will
remain a separate program focused on its mission of capability computing for computational science in
the service of the DOE mission. NERSC will not be diminished by NFACS. Rather, we see NERSC
enhancing the operation and success of NFACS. NFACS will also draw on talent across the Computing
Sciences organization at Berkeley Lab by leveraging skill and talents from the Computational Research
Division and the Information Technologies and Services Division.

H.1 NFACS Staffing

The NFACS staff will consist of 13 FTEs who are full-time career employees, and in most cases are
100% assigned to NFACS tasks. NFACS will take advantage of the experience of high-level professiona
staff at NERSC to assure consistent and high-quality service and support for NFACS scientists. Only full-
time staff with a long-term commitment to the project and significant related experience can be expected
to deliver the technical expertise required to manage highly complex and unique systems such as the LCS
computing platforms.

Berkeley Lab values teamwork and the continued professional development of its staff. In order to
address rapidly changing requirements, work groups are assembled that span multiple groups in order to
bring the best skills to a task, but also to give staff an opportunity to get engaged in new projects. The
NFACS Director, Horst D. Simon, will form an LCS Support Team that is an integrated team for the full
life cycle (design, deployment, testing, and operation) of LCS resources. This team will consist of
systems managers, performance analysts, and science area support staff, al working as one integrated
unit. Thus, the proposed structure is flexible and dynamic — exactly what is needed for such a complex,
far-reaching project.

Normally, staffing a facility like NFACS from scratch requires 45 to 60 staff. However, because of
heavy leveraging of NERSC infrastructure and expertise, NFACS will use just 13 staff for direct support
of LCS. The NFACS Director will be supported by a management team composed of a General Manager,
the LCS Team Leader, the LCS Lead System Analyst, the LCS Lead Performance Analyst, and the LCS
Lead Scientific Support Analyst. The Leads report to the General Manager and will work with other LCS
staff to carry out their responsibilities.

The General Manager, William Kramer, reporting to the NFACS Director, is accountable for the
NFACS facility, with management responsibility for planning, budgets, enhancements, personnel, vendor
and user relations, physical resources, and program and operational integration.

The LCS Team Leader, William Saphir, reporting to the Genera Manager, is responsible for the
development, management, and operations of computing, storage, and networking resources as well asthe
support needed by the user community.

The LCS Lead System Analyst, Nicholas Cardo, working with the LCS Team Leader, is responsible
for the deployment, management, and operations of computing resources.

The LCS Lead Performance Anayst, David Skinner, working with the LCS Team Leader, ensures
that NFACS application and systems performance improvements are determined and implemented.
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The LCS Lead Scientific Support Anayst, John Shalf, working with the LCS Team Leader, ensures
that NFACS scientific support meets the needs of the user community. He coordinates the Leadership
Computing Application Team points of contact.

The NFACS staff will aso include:

Two additional Large Scale System Analysts who focus on managing and improving NFACS's
computing infrastructure, including systems, operating systems, and software utilities.

Two additional Performance Analysts for problem management; user code optimization, and
debugging; documentation; online, remote, and classroom training; and third-party applications and
library support. User Services aso maintains collaborations with groups of researchers at other
computing centers and manages user alocations.

Four additional Scientific Support Analysts. Each Science Area Analyst is responsible for one of the
Leadership Computing Applications Team (LCAT) areas. While these five staff will be part of the
LCS Team, they may be co-located with the staff and activities of the five leadership computing
applications areas, possibly at sites other than Berkeley Lab. Science Area Anaysts will be
computational science experts and will connect NFACS to the application area teams, providing
focused support. They will be the point of contact (POC) to expedite any problems or concerns. Each
application areawill be provided with a single POC. The POC will handle requests by the
computational scientists from the application area, and will facilitate specia requests. They will also
provide focused agorithm help, and work as partners with the applications area scientists to tune
performance of application codes for the LCS systems.

H.2 Current Support of Key Personnel

The current funding of NFACS key personnel is listed below. Saphir, Shalf, Skinner, and Cardo will
move to 100% NFACS funding in the first year. Their positions at NERSC will be back-filled with new
hires. Kramer will move to 50% NFACS funding, relinquishing his SciDAC and Organizational Burden
roles.

Simon, Horst
Project: LBNL Directors Organizational Burden
Percent Support: 100%
Duration: October 2003—September 2004
Annua Funding: N/A

Kramer, William
Project: Nationa Energy Research Scientific Computing Center (NERSC)
Percent Support: 50%
Duration: October 2003—September 2004
Annual Funding: $28.2M base (operating and equipment)

Project: SciDAC: DOE Science Grid: Enabling and Deploying the SciDAC Collaboratory Software
Environment

Percent Support: 20% (Per SiDAC renewal budget and Y TD effort actuals)

Duration: October 2003—September 2004

Annual Funding: $225K (FY 04 $150K rec'd to date with additional $75K expected per SCiDAC
renewal request)
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Kramer, William (cont.)
Project: LBNL Computing Sciences Organizational Burden
Percent Support: 30%
Duration: October 2003—September 2004
Annual Funding: N/A

Saphir, William
Project: National Energy Research Scientific Computing Center (NERSC)
Percent Support: 100%
Duration: October 2003—September 2004
Annual Funding: $28.2M base (operating and equipment)

Shdlf, John
Project: National Energy Research Scientific Computing Center (NERSC)
Percent Support: 50%
Duration: October 2003—September 2004
Annua Funding: $28.2M base (operating and equipment)

Project: Adaptive Mesh Refinement Visudization
Percent Support: 45%

Duration: October 2003—-September 2004

Annual Funding: $460K

Project: Laboratory Directed Research and Development (LDRD) Project: Architectural Alternatives
Percent Support: 5%

Duration: October 2003—September 2004

Annua Funding: $175K

Cardo, Nicholas
Project: National Energy Research Scientific Computing Center (NERSC)
Percent Support: 100%
Duration: October 2003—September 2004
Annua Funding: $28.2M base (operating and equipment)

Skinner, David
Project: National Energy Research Scientific Computing Center (NERSC)
Percent Support: 100%
Duration: October 2003—September 2004
Annua Funding: $28.2M base (operating and equipment)

H.3 Biographical Sketches
Biographical sketches of key staff are included on the following pages.
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Horst D. Simon
NFACS Director Tel: (510) 486-7377
Associate Laboratory Director for Computing Sciences Fax: (510) 486-4300
Lawrence Berkeley National Laboratory Email: smon@nersc.gov

http://www.nersc.gov/~simon/

Education

Ph.D., Mathematics, University of California, Berkeley, 1982.
Diplormain Mathematik, Technische Universitét Berlin, 1978.

Position History

Lawrence Berkeley National L aboratory, (1996—present)
Associate Laboratory Director for Computing Sciences, 2004— present.
Division Director, National Energy Research Scientific Computing (NERSC) Center, 1996- present.
Division Director, Computational Research Division (CRD), 2002—present.
Silicon Graphics, Inc. (1994-1996)
Manager of Research Marketing Development, 1994-1996.
Computer Sciences Cor poration (1989-1994)
Manager, Research Department, Contract to Numerical Aerodynamic Simulation (NAS) at NASA Ames
Research Center, Moffett Field, 1989—-1994.
Boeing Computer Services (1983-1989)
Manager, Research Department, Moffett Field, 1987-1989.
Boeing Technical Marketing Manager, 1987—1989.
Manager, Computational Mathematics, Bellevue, Washington, 1986-1987.
Project Manager, Boeing Research Program, 1986-1987.
Project Manager, NSF Supercomputer Initiative, 1986—1987.
Technical Staff Member, Computational Mathematics Group, 1983—1986.
State University of New York (SUNY), Stony Brook (1982-1983)
Assistant Professor, Department of Applied Mathematics, 1982-1983.

Summary of Qualifications

Horst Simon was recently named Associate Laboratory Director for Computing Sciences at Berkeley Lab. In
addition, he continues his responsibilities as Division Director for both the National Energy Research Scientific
Computing (NERSC) Division and the Computational Research Division. In his new role as the Associate
Laboratory Director for Computing Sciences, Horst represents the interests of the three omputing divisions —
NERSC, Computational Research, and Information Technologies and Services — in the formulation of Laboratory
policy, and in communicating Laboratory actions on policy and procedures as appropriate. He also coordinates
constructive interactions within the Computing Sciences divisions to seek coupling with other scientific programs.

Horst joined Berkeley Lab in early 1996, as director of the newly formed NERSC Division, and was one of the key
architects in establishing NERSC at its new location in Berkeley. The NERSC Center is DOE's flagship
supercomputing facility for unclassified research, funded by DOE’s Office of Science, and is used by 2,276 users at
312 institutions. Under Horst’s leadership, NERSC has enabled important discoveries in fields ranging from global
climate modeling to astrophysics. Horst is also the founding director of Berkeley Lab's Computational Research
Division, which conducts applied research and development in computer science, computational science, and
applied mathematics. His research interests are in the development of sparse matrix algorithms, algorithms for large-
scale eigenvalue problems, and domain decomposition algorithms for unstructured domains for parallel processing.
His recursive spectral bisection algorithm is regarded as a breakthrough in paralel agorithms for unstructured
computations, and his algorithm research efforts were honored with the 1988 Gordon Bell Prize for parallel
processing research. Horst wasa member of the NASA team that developed the NAS Parallel Benchmarks, a widely
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used standard for evaluating the performance of massively parallel systems. He is also one of four editors of the
twice-yearly TOP500 list of the world’'s most powerful computing systems.

Awards and Honors

H. Julian Allen Award (jointly with the NAS Parallel Benchmarks Team) for notable scientific papers written
by authors at NASA Ames Research Center, for the NAS Parallel Benchmarks (1995).

Gordon Bell Prize (jointly with group from Cray and Boeing) in iecognition of superior effort in parallel
processing research (1988).

University Award, SUNY Stony Brook (1983).

Selected Publications
Books (editor)

Scientific Applications of the Connection Machine, Conference Proceedings, World Scientific Publishing
Company, Teaneck, New Jersey, July 1989; second edition 1992.

Parallel Computational Fluid Dynamics, MIT Press, Cambridge, Mass., 1992.

Parallel Processing for Scientific Computing (with D. Bailey, P. Bjorstad, J. Gilbert, M. Mascagni, R.
Schreiber, V. Torczon, and L. Watson), Proceedings of the 7th SIAM Conference, SIAM, Philadelphia, 1995.
Solving Irregularly Structured Problems in Parallel (with A. Fereira, J. Rolim, and Shang-hua Teng),
Proceedings Irregular 98, Springer Lecture Notes in Computer Science No. 1457, August 1998.

Papers
Dr. Horst Simon has atotal of more than 166 refereed papers in journals, book chapters, and proceedings.
Professional Activities and Organizations

Chair, SIAM Activity Group on Supercomputing (1994-1996).

Member, Society for Industrial and Applied Mathematics, SIAM Activity Groups on Linear Algebra and on
Supercomputing, |EEE.

Member, |IEEE Computer Society.

Member, Association of Computing Machinery (ACM).

Member, IEEE Gordon Bell Prize Committee (1990-1994).

Associate, Foresight I nstitute.

Institutional Representative to Coalition for Academic Scientific Computing (CASC).

Member of Editorial Board of five scientific journals (IJHPCA, Scientific Programming, 1JCSE, Adv. In Eng.
Software, Journal of the Earth Simulator)

Boards

Wissenschaftlicher Beirat, Konrad Zuse Zentrum, Berlin (ZIB), Germany.

Member, Scientific Advisory Board, CSCS (Swiss National Supercomputer Center), Manno, Switzerland.
Member, International Advisory Panel for the Institute of HPC (iHPC), Singapore.

Member, Industrial Advisory Board, Department. of Computer Science, UC Davis.

Member Advisory Board, iPARK, San Jose, CA (1999-2000).

Member Board of Directors, Pumpkin Networks, Sunnyvale, CA (1999-2001).

Partial list of Collaborators

C. Ding, Hongyuan Zha, Z. Zheng, J. Demmel, A. Sohn, R. Biswas, Shang-Hua Teng, S. Barnard, A. Pothen, Erich
Strohmaier, C. Farhat, S. Lateri, S. Barnard, A. Karp, D. Heller, J. Lewis, R. Grimes.

Teaching

CS267 is aone-semester graduate class in Applications of Parallel Computers, University of California, Berkeley.
Spring 1997, (jointly with Professor David Culler). Fall 2002, (jointly with Professor James Demmel).
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William T.C. Kramer

General Manager

NFACS Tel: (510) 486-7577

Lawrence Berkeley National Laboratory Fax: (510) 486-4300
Email: kramer@nersc.gov

Education

M.E., Electrical Engineering, University of Delaware, 1986

M.S. and B.S., Computer Science, Purdue University, 1976 and 1975

PhD Candidate, Computer Science, University of California, Berkeley, 1999-present

Position History

PI for the DOE Science Grid — 2003 to present

General Manager of the NERSC Facility, 2000- present

Deputy Division Director and Head, High Performance Computing Department, NERSC Division, 1996-
present

Director, Advanced Air Transportation Technologies Program, NASA AATT Program Office, 1995-1996
High Speed Processor (Cray) Manager; Branch Chief, Computational Services, Numerical Aerodynamic
Simulation (NAS) Systems Division, NASA Ames Research Center, 1986—1994

Summary of Qualifications

Mr. Kramer's strong, innovative management and technical skills and his proven ability to quickly establish
excellent services and support large-scale, advanced systems has been key to NERSC's success at LBNL. As one of
the first employees of the relocated NERSC, he led the reimplementation of NERSC at LBNL with an expanded
mission and 20% reduction in funds, including reinstallation of all systems and hiring over 60 technical staff on a
rapid schedule. Mr. Kramer led the NERSC-3 and NERSC-4 supercomputer procurement. He has played a key role
in deploying the IBM SP, a fifth-generation, early delivery supercomputer, which is the world’s largest unclassified
supercomputer. Mr. Kramer also placed the first UNIX supercomputer, the Cray—2, into production in 1986 while at
NASA. Innovations from the NERSC procurement process are now being used at several other centers.

Mr. Kramer is responsible for all aspects of NERSC, and shares division-wide management responsibilities. He
introduced project planning and metrics for the division, leading the development and implementation of a new
28,000 sf computing facility from advocacy and requirements to implementation. He has twice directed the moves
of the entire NERSC center. He led the installation, testing, and introduction of the early, very large IBM SP, the
first large T3E, early J-90s, and HPSS. He wasfirst to use checkpoint/restart in a M PP production environment, and
first to demonstrate the ability to manage very large MPPs with utilization over 90-95%, among other innovations.
He was instrumental in managing the paradigm shift for NERSC from traditional vector computing to massively
parallel.

Mr. Kramer has taught numerous classes, seminars, and tutorials on computing topics, ranging from computer
graphics and visualization to high performance computing. He has taught at two universities, has worked in private
industry, and has been active in computer security, at times assisting in federal investigations. Mr. Kramer's
research interests include large-scale system management, scheduling, performance evaluation, and the integration
of high performance networksand computers.

Professional Activities

SC 2005 General Chair, GGF-58 Organizing Committee SC 2002 Xnet Chair, GGF-5 Organizing Committee, SC
2001 High Performance Bandwidth Chair, SC 2000 Vice Chair for Information Architecture and Chair of SCinet
2000; Srved as SC 2001 Network Bandwidth Challenge Leader and part of the Network Measurement team;
Served as the SC ‘XY consultant on future networking for site selection for future conferences; SC 98 Exhibits
Chair; SC 96 HPC Challenge Chair; Invited member of the Arctic Region Supercomputer Center Advanced
Technology Panel; Invited member of the Cray Customer Advisory Board; Member of the IBM e-server Customer
Advisory Board
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Awards and Honors

Four (4) LBNL Outstanding Performance Awards, NASA Group Achievement Award, DECUS Board of Director's
Medal, DECUS Outstanding Contributor Award, DECUS Outstanding Unit Award, Certified Private Pilot, Open
Water Scuba Instructor, Emergency Medical Technician, Certified Fire Fighter, Eagle Scout, USMA (West Point)
appointment

Selected Publications

Kramer, William T. C., Deborah A. Agarwal, Arie Shoshani, Brent R. Draney, Guojun Jin, Gregory F. Butler,
and John A. Hules, “Deep Scientific Computing Requires Deep Data,” accepted for publication in The IBM
Journal on Research and Development.

Paxson, Vern, Steven Lau, James Rothfuss and William Kramer; Trends in Computer Security for Open
Scientific Facilities, Tutorial at SC 2003, November 2003 in Phoenix, AZ, and SC 2002, November 16-22 in
Baltimore, MD

William Kramer, “ Building Network Testbeds for High Performance Applications,” |EEE Computer Magazine,
June 2002 (cover article).

Kramer, William and Steven Lau; Trends in Computer Security for Open Scientific Facilities, Tutoria at the
Globa Grid Forum — 8and the High Performance Distributed Computing Conference, June 22-27 in Seattle,
WA

Kramer, William and Clint Ryan, “Performance Variability on Highly Parallel Architectures,” accepted for
publication and presentation — the International Conference on Computational Science 2003, Melbourne
Australiaand St. Petersburg Russia, June 2-4, 2003.

Kramer, William, “NERSC and Blue Planet,” invited presentation at the 7" SciCOMP Conference, Gotti ngen,
Germany, March 7, 2003.

Bair, Raymond, et. a., “High-Performance Networks for High-Impact Science - Report of the High-
Performance Network Planning Workshop Conducted by the Office of Science, U.S. Department
of Energy,” August 13-15, 2002, http://doecollaboratory.pnl.gov/meetings/hpnpw/final report/high-
performance_networks.pdf.

Paxson, Vern, Steven Lau, James Rothfuss and William Kramer; Trends in Computer Security for Open
Scientific Facilities, afull day Tutorial at SC 2002, November 16-22 in Baltimore, MD.

Kramer, William, “Accelerating Scientific Discovery Through Advanced Computation,” and invited keynote
presentation at 10" ECMWF (European Center for Mid-range Metrologica Forecasting) Workshop on
Terascale Computing, - Reading England, November 2002.

McCurdy, C. William, Rick Stevens, Horst Simon, William Kramer, et al, Creating a Science Driven Computer
Architecture: A Path to Scientific Leadership, LBNL Technical Publication, Number 5483, October 2002
Wong, Adrian T., Leonid Oliker, William T. C. Kramer, Teresa L. Kaltz, and David H. Bailey, “ Evaluating
System Effectiveness in High Performance Computing Systems,” Proceedings of SC2000, November 2000.
Wong, Adrian T., Leonid Oliker, William T. C. Kramer, Teresa L. Kaltz, and David H. Bailey, “System
Utilization Benchmark on the Cray T3E and IBM SP,” presented at the 5th Workshop on Job Scheduling
Strategies for Parallel Processing, May 2000, Cancun Mexico.

Bailey, David, et a. “Vauation of Ultra-Scale Computing Systems. A White Paper,” published as an official
report of the Department of Energy, Decerber 22, 1999.

Kramer William, Francesca Verdier, Keith Fitzgerald, James Craw, and Tammy Welcome, “High Performance
Computing Facilities for the Next Millennium,” presented at SC99, Portland, OR, and published as part of the
Tutorias Program, November 1999.

Simon, Horst D., William T. C. Kramer, and Robert F. Lucas, “Building the Teraflops/Petabytes Production
Supercomputing Center,” EuroPar ‘99 in Toulouse, France, September 1999.

“How Are We Doing? A Self Assessment of the Quality of Services and Systems at NERSC (Oct. 1, 1997- Dec
31, 1998,” William T.C. Kramer, LBNL Technical Report LBNL-43131, May 1999.

Shoshani, Arie, Craig Tull, Brian Tierney, Harvard Holmes, Robert Lucas, and William T.C. Kramer, “Large
Scale, Data Intensive Computing,” tutorial at the SC ‘98 Conference, November 8, 1998, Orlando, FL.

Kramer, William T.C., “ So, now that you have your Teraflops computer, what do you do,” invited presentation
at the LBNL Science and Technology Seminars Series, September 11, 1998 at the LBNL Washington D.C.
office.
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William C. Saphir

LCS Team Leader Tel: (510) 486-4373
NFACS Fax: (510) 486-4004
Lawrence Berkeley National Laboratory Email: WCSaphir@lbl.gov
Education

Ph.D., Physics, University of Texas at Austin, 1992.
B.S., Physics, Massachusetts I nstitute of Technology, 1986.

Position History

Chief Architect, NERSC Division, Lawrence Berkeley National Laboratory, 2003—present.

Director of Engineering, Scale Eight, 2000-2002.

Senior Director of Operations and Customer Service, Scale Eight, 2002—2003.

Staff Scientist and Group Leader, Future Technologies Group, NERSC, 1996-2000.

Parallel Systems Consultant and Research Scientist, Numerical Aerodynamic Simulation (NAS) Division,
NASA Ames Research Center, 1992—1996.

Systems Programmer and Consultant, Project Athena, MIT, 1984-1985.

Summary of Qualifications

Bill Saphir is an internationally recognized expert on parallel computing technology, and is well known for his work
on high performance communication and performance analysis for parallel computers. As Chief Architect for
NERSC, he is responsible for setting the technology direction for the NERSC facility. He made significant
contributions to the MPI-2 standard and is the original developer of MVICH, the implementation of MPI over
Infiniband that runs on Virginia Tech “Big Mac” supercomputer. As group leader for the NERSC Future
Technologies group he spearheaded Berkeley Lab’s entrance into cluster computing. At NASA, he was a member
of the team that developed the NAS Parallel Benchmarks, one of the most effective tools for measuring the
performance of parallel computers. He has presented tutorials on cluster computing, MPI, and other topicsin parallel
computing.

Dr. Saphir was responsible for software development for Scale Eight's Global Storage Service, which stored and
served dozens of terabytes of data for Microsoft, MTV, and other customers from using several Linux clusters each
composed of hundreds of servers. He later assumed responsibility for the 24x7 operation of this service, and for all
user support. Under his direction, service availability exceeded 99.97%.

Sdlected Publications

Book

1. MPI: The Complete Reference, Volume 2 (with W. Gropp, et a.) MIT Press, 1998.

Articles

Parallel Computation

1. The Effect of Message Buffering on the Communication Performance of Parallel Computers NASTR RNS-94-
004, April, 1994.

2. NAS Experiences With a Prototype Cluster of Workstations/ Supercomputing ‘94 Proceedings, November,
1994 (With William Kramer, et al.).

3. Job management Requirements for NAS Parallel Systems and Clusters. Workshop on Job Scheduling for
Parallel Processing, International Parallel Processing Symposium, 1995.

4. JSD: Parallel Job Accounting onthe NAS SP2. NAS TR 95-16, July, 1995.
The NAS Parallel Benchmarks 2.0. NAS TR 95-020, December, 1995 (with David Bailey, et al.).

6. MPI-2: Extending the Message Passing Interface. Proceedings of Euro-Par 96 Parallel Processing in Lecture
Notes in Computer Science 1123, 1996 (with Al Geist, et al.).

o
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7. The NAS Parallel Benchmarks 2 Results. NAS TR 96-010, August, 1995 (with Alex Woo, Maurice Y arrow)
and NASA HPCCP Computational Aerosciences Conference, August 1995 and Supercomputing 96 (poster),
November 1996.

8. The NAS Parallel Benchmarks 2.1 RESULTS. NAS Technical Report 96-010, August, 1995 (with Alex Woo,
Maurice Yarrow) and NASA HPCCP Computational Aerosciences Conference, August 1995 and
Supercomputing 96 (poster), November 1996.

9. New implementations and results for the NAS parallel Benchmarks 2 (with R. F. Van der Wijngaart, A. C.
Woo, M. Yarrow). 8" SIAM Conference on Parallel Processing for Scientific Computing, Minneapolis, MN,
March 14-17 1997.

10. Implementing the MPICH ADI on an Unreliable Transport Layer. (with B. Pfrommer and P. Bozzman). LBNL
Report LBNL-40343. May 1997.

11. A Survey of MPI Implementations. NHSE Review 2(1) 1997 and LBNL Report LBNL-41025/UC-405
November 1997.

12. The Design and Evolution of the MPI-2 C++ Interface. (w/J. Squyres and A. Lumsdaine). Proceedings of the
International Scientific Computing in Object-Oriented Parallel Environments Conference 1997.

13. On the Efficacy of Code Optimizations for Cache-based Microprocessors (with R. Van der Wijngaart). LBNL-
40345. May 1997.

14. Performance and Scalability of the NAS Parallel Benchmarks on the Cray T3E (w/S. Caruso). LBNL-403444.
May 1997.

15. M-VIA: A Modular High-Performance Implementation of the Virtual Interface Architecture for Linux (with P.
Bozeman).

16. On the Development of Open Source System Software for High Performance Computing. LBNL-45479. March
2000.

Physics

1. The Kinetic Theory of the Standard Map. Proceedings of “Aspects of Nonlinear Dynamics. Solitons and
Chaos,” Brussels, December, 1990, edited by |. Antoniou and F. Lambert, (Springer, Berlin, 1991) (with
Hiroshi Hasegawa).

2. Decaying Eigenstates for Simple Chaotic Systems. Physics Letters A 162 (1992) 471 (with Hiroshi Hasegawa.)

3. The Non-Equilibrium Statistical Mechanics of the Baker Map. Physics Letters A 162 (1992) 477 (with Hiroshi
Hasegawa).

4. The Nonequilibrium Statistical Mechanics of Chaotic Maps. Dissertation, The University of Texas at Austin,
May, 1992.

5. Unitarity and Irreversibility in Chaotic Systems. Physical Review A 46 (1992) 7401 (with Hiroshi Hasegawa).

Seminarsand Tutorials, Panels (selected)

1

e

© o N o G

Collective Communication in PVYM 3. Workshop on Distributed Computing in Aeroscience Applications,
October 19, 1993

A Comparison of Communication Libraries: NX, CMMD, MPI, PVYM. NAS, November 30, 1993.
Devil's Advocate: ReasonsNot to Use PVM. PVM User Group Meeting, May 20, 1994,

Sorting Out Communication Libraries, a Comparison of NX, CMMD, MPI and PVM. Tutoria at
Supercomputing ' 94, November 14, 1994.

An Intensive and Practical Introduction to MPI. Supercomputing ' 96, 97, ' 98. Full and half day tutorial.
MPI-2. Supercomputing '97, ' 98.

M-VIA: Virtual Interface Architecture for Linux. Linuxexpo, June 1999.

Linux for Scientific Computing. O’ Reilly Linux Conference, August 1999

M-VIA and MPI for VIA. Joint PC Cluster Computing Conference (JPC4-5). September 1999.

Production Linux Clusters. SC '99 (full day tutorial). With P. Bozeman, R. Evard and P. Beckman.LBNL-
43738 (and SC’' 03 with R. Evard, P. Beckman, and S. Coghlan).
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Nicholas P. Cardo

LCS Lead System Analyst Tel: (510) 486-4765
NFACS Fax: (510) 486-4316
Lawrence Berkeley National Laboratory Email: cardo@nersc.gov
Education

M.S., Computer Engineering, San Jose State University, 1994.
B.S., Computer Science, New Jersey Institute of Technology, 1987.

Position History

Project Lead, Lawrence Berkeley National Laboratory, 1999-present.

Senior Systems Programmer/Analyst, Sterling Software, Inc., NASA Ames Research Center, Moffett Field,
California, 1989—1998.

Systems Analyst, Sterling Software ZeroOne Systems, John von Neumann National Supercomputer Center,
Princeton, New Jersey, 1987-1989.

Accolades

Certified AIX Support Specialist, 2000
SP-XXL President, 2002-2004
SP-XXL President, 2004-2006

Summary of Qualifications

| have developed utilities for the management of Cray Data Migration Facility (DMF) for UNICOS. These include a
handle to filename search utility, inode recreation capability for soft deleted files, the ability to move an inode

between file systems without recalling the data back to disk, and the ability to search for files by DMF handle. |

designed and developed several kernel modifications including a disk high water mark feature. | designed and

developed afast inode scan algorithm. This evolved into utilities for locating files quickly on afile system aswell as
afast way to estimate the number of tapes required for performing system backups. | designed and devel oped one of
the first full production schedulers for the Portable Batch System (PBS). This scheduler was designed to work on
Cray parallel vector processor systems and included the capability of performing resource management. | also
participated as one of the early testers of PBS for production systems.

| am currently the project lead for the IBM RS/6000 SP at the National Energy Research Scientific Computing
Center (NERSC). My responsibilities include configuration management, software management to maintain a highly
reliable and stable system, hardware problem determination, and root cause analysis for system problems. | am also
involved in software projects to improve the usability of the system aswell as the administration of the system.

| have established working relationships with IBM developers and support specialists. Through these relationships |
provide valuable information used in their development efforts. The end result is a feature-rich product that meets
the customers’ needs.

| have been President of the SP-XXL organization since 2002 and re-elected in 2004 for another two year term.
This organization represents the largest Scientific and Technical Computing institutions world-wide that utilize IBM
hardware/software.

| bring with me over thirteen years of experience in System Management, System Programming, and System
Administration. Utilizing my System Administration and System Programming knowledge allows me to acquire a
very detailed understanding of system internals, and with my Computer Engineering education, | am able to gain a
very detailed understanding of hardware and software interactions.
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David Skinner
LCS Lead Performance Analyst Tel: (510) 486-4746
NFACS Fax: (510) 486-7202
Lawrence Berkeley National Laboratory Email: deskinner@lbl.gov

Education

Ph.D. Theoretical Chemistry, Hertz Fellow, University of California Berkeley, May 2000.
B.S. Chemistry, University of Kansas, May 1995.

Position History

NERSC User Services Scientific Consultant, Lawrence Berkeley National Laboratory, August 2000—present.

Project Lead for IBM SP user support. Responsible for tracking and resolving user problems on the SP. Providesin
depth consulting for strategic user projects. Expertise in MPP support in the areas of programming models, message
passing, 1/0, and performance. Expertise in chemistry software support. Installs and maintains scientific and UNIX
software, including several molecular dynamics codes. Oversaw the transition of users and scientific applications
from the phase | SP cluster (gseaborg) to the new phase Il cluster (seaborg).

Provides technical support for architectural and performance studies. Key member of the IBM Blue Planet project.
Writes and ran benchmarks and kemels to test Blue Planet ideas. Brings a user perspective to the project:
programmability and usability considerations.

Developed and gave advanced user training talks: “Effectively Addressing Memory with Loop Constructs”; “MPI
Scaling on the IBM SP: Techniques and Pitfalls”; “ Effective Memory Use on the SP”; “ Scaling I/O and MPI”.

Programming projects include expanding the capabilities of IBM’s parallel performance data collection tool and
porting and writing the memory profiling code Xtream which provides the scientist/programmer with clear-cut
answers to questions about how programming language, loop constructs, and data locality impact application
performance on a given architecture. Working with code developers at IBM’s Watson Research Center, replaced
the previous performance data collection method (hundreds or thousands of Unix processes computing their HPM
performance data records separately) with a single HPM file which aggregates the performance data using file
locking. The new method is six times faster than the old method for one sample program running on 1,000
processors. In addition to accumulating the total HPM statistics across tasks into a concise report the new version
reports the minimum, maximum, and average counts, which is useful in detecting load imbalance, and includes a
new —mpi option which allows NERSC and its usersto collect for the first time MPI performance statistics.

Received Outstanding Performance Awards for writing a fromscratch implementation of multiple compiler support
for IBM compilers that predate IBM’s official support for “NDI” compilers; for writing benchmarks and performing
acceptance and full configuration testing for the NERSC-4 procurement; and for transitioning users from the phase 1
to the phase 2 SP for the NERSC-3 procurement.

Graduate Research Assistant, 1995-2000.
Publications

"Evaluation of Cache-based Superscalar and Cacheless Vector Architectures for Scientific Computations”,
Supercomputing 2003. L. Oliker, J. Carter, J. Shalf, D. Skinner, S. Ethier, R. Biswas, J. Djomehri, R. Van der
Wijngaart.

“Scaling Up Parallel Scientific Applications on the IBM SP” D. E. Skinner, LBNL Technical Report LBNL-
54254, D. Skinner. http://hpcf.nersc.gov/computers/SP/scaling/.

“A Performance Evaluation of the Cray X1 for Scientific Applications,” presentation at VECPAR'2004.
“Quantum and semiclassical approaches to chemical reaction dynamics,” D. E. Skinner, LBNL Technical
Report LBNL-47146, May 2000.

“Application of the forward-backward initial value representation to molecular energy transfer,” D. E. Skinner
and W. H. Miller , LBNL Technical Report LBNL-44187 and Journal of Chemical Physics, August 1999.

H-11



Use or disclosure of information contained on this page is subject to the restrictions on the title page of this proposal.

“Application of the semiclassical initial value representation and its linearized approximation to inelastic
scattering,” D. E. Skinner and W. H. Miller, LBNL Technical Report LBNL-42302 and Chemical Physics
Letters Vol. 300 1-2, Jan 29. 1999

“Quantum mechanical rate constants O+OH {reversible reaction} H + O{ sub2} f or Total Angular Momentum
J > Q" D. E. Skinner, T. C. Germann, W. H. Miller, LBNL Technical Report LBNL-41297 and Journal of
Physical Chemistry A Vol. 102 21, May 21 1998.

Summary of Experience

Science
0 Energy Transfer via Semiclassical Dynamics
= Calculation of Collisional Energy Transfer in Molecular Systems
= Approximate Quantum Mechanics via many (1.0e6) trajectories
= Distributed Trajectory Code in C++ with interfaces to LAPACK
0 Thermal Rate Constants via Exact Quantum Dynamics
=  Time Dependent Quantum Mechanics of Long Lived Complexes
= Quantum Dynamics on Grids via Parallel FFT/Matrix Methods
= Large Scale T3D Computation, HPF and MPI
0 Semiconducting Nanoclusters
= Development and Validation of aKinetic Theory of Charge
= Transfer Integration of ODE’s, master equations (matrix ODE’s
Programmer of Parallel and Distributed Programs for Chemical Physics
Experience in Coding C, C++, Fortran, and Fortran90
Parallel Quantum Dynamics on Grids (T3D, RS6000, Origin 2000, IBM SP)
Distributed Trajectoriesin C++ Using MPI and Pthreads (Linux)
Author of IVRpack, a C++ trajectory library
Perl scripting
Experienced in Maintaining a Diverse Network of Machines
0 Windows PC, Sparc Solaris, SMP Linux, Dec Alpha, Origin 2000, A1X RS6000 and Mac Sysadmin
Experience
Data Acquisition for Femtosecond Spectroscopy using PC A/D boards
NFS, NIS, Packet Filtering, Netatalk, ssh and rdist
Deployed ipchains Firewall, QOS and SSL Webmail
Linux kernel configuration and builds

O OO0 oo
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John Shalf
Lead Scientific Support Analyst Phone: (510) 486-4508
NCFAS Fax: (510) 486-5812
Lawrence Berkeley National Laboratory Email: jshaf@Ilbl.gov

Research

Performance Evauation for High Performance Computing Applications, Grid Computing, High Performance
Networking, Visualization Systems, Computer Architecture.

Education
Virginia Polytechnic Institute and State University, Blacksburg Virginia.

Completed all coursework for Masters Degree in Electrical Engineering 1992-1995.
Graduated in May of 1991 with BSin Electrical Engineering.

Honor gAffiliations

Visiting Scientist MaxPlanck-Institut fuer Gravitationphysick / Albert Einstein Institute in Potsdam Germany
1997.

Senior Staff for $2.2M/year 3 year NSFKDI Grant for “An Astrophysics Simulation Collaboratory” 1999
2002.

Technical Advisory Board Member for $6M euro/yr EU GridLab Project (http://www.gridlab.org).

R& D100 Award for LBNL/NERSC RAGE Robot 2002.

Bandwidth Challenge Team Leader for LBNL team 2001, 2002.

Supercomputing 2002: Taught tutorial class on parallel and distributed computing.

Invited participant for in 2001 NSF/ANIR Grand Challenges in EScience workshops: credited as major
contributor to the final document that led to 2002 NSF Experimenta Networks CFP.
(http://www.evl.uic.edu/activity/NSF/index.html ).

Participated in Award-Winning Supercomputing HPC Challenge Efforts 1995,1997,1998,2001,2002.

Position History

Staff Scientist, December 1999—present
Lawrence Berkeley National Laboratory
Berkeley CA 94720

Research Programmer, January 1995—-December 2000

HPC Consulting Group / General Relativity Group / Visualization and Virtual Environments/ StarTAP.

National Center for Supercomputing Applications, UrbanalL.

- HPC consultant: analyzed, optimized, and developed HPC codes for NSF supercomputing center applications
Developed Chesapeake Bay VR/Visualization tool for CEWES/Army Corp of Engineers. Currently included as
an example program for all versions of CavelL |B shipped by VRCO.

StarTap International Networking Access Point applications team.

General Relativity Group/Laboratory for Computational Astrophysics: Developed portions of Cactus code
framework and AMR visualization and data management infrastructure.

Project development leader for Simulated Cluster Archive portal ttp://sca.ncsa.uiuc.edu/) and LCAVision
AMR visualization tool (http://zeus.ncsa.uiuc.edu/~miksa/L CAVision.html).

NCSA project lead,Portal and Visualization Tool development for NSF-KDI Astrophysics Simulation
Collaboratory project (http://www.ascportal.org).
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APPENDIX J

Acronyms and Abbreviations

ADM

ALS

AMR

ANL

APDEC

ASCI

BeBOP

BGK
BGL

BLAS
BSSN

BW
CCPP

CCs™M

CEIMC

CEIMD

CENIC

CGD
CITRIS

COTS
CcP

CPU
CTSS
Cvs
DARPA
DCA
DEISA
DFT

DHS

Arnowitt-Deser-Misner (computational
relativity)

Advanced Light Source (LBNL
experimental facility)

Adaptive mesh refinement (numerical
technique)

Argonne National Laboratory (DOE
laboratory)

Applied Partial Differential Equations
Center (SciDAC project)

Advanced Simulation and Computing
(DOE/NNSA program)

Berkeley Benchmarking and Optimization
(UC Berkeley project)

Bhatnagar, Gross and Krook (fusion)
Blue Gene/L (IBM-LLNL research
system)

Basic linear algebra software
Baumgarte-Shapiro-Shibata-Nakamura
(computational relativity)

Bandwidth

Climate Change Prediction Program
(DOE/OS program)

Community Climate System Model
(climate modeling)

Coupled Electronic-lonic Monte Carlo
(nanoscience)

Coupled Electronic-lonic Molecular
Dynamics (nanoscience)

Corporation for Education Network
Initiativesin California

Climate and Global Dynamics

Center for Information Technology
Research in Interest of Society
Commercial off-the-shelf
Car-Parrinello (chemical dynamics
agorithm)

Central processing unit

Commercial TeraGrid Software Stack
Concurrent Version System (software
product)

Defense Advanced Research Projects
Agency

Dynamical cluster approximation
(computational chemistry)

Distributed European Infrastructure for
Supercomputing Applications

Density functional theory (computational
chemistry)

Department of Homeland Security

D)
DIMM
DNA
DNS

DOE
DPCS

DSD
DTF
EECS

ERCAP

ES
ESG
ESnet
ESSL

ETF
FE
Flop/s
FFT
FFTW
FPMD

FPR
FTC
FTE
FTP
FY

GB
Gbl/s
Gflop/s

GHz
GPFS

GR
GSFC

GSl
GTC

GYRO
HCA

HCCI

Direct injected (diesel engine)

Double inline memory module
Deoxyribonucleic acid (biology)
Direct numerical simulation (turbulence
computation)

U.S. Department of Energy
Distributed Production Control System
(LLNL software)

Distributed Systems Department
Distributed Terascale Facility
Department of Electrical Engineering and
Computer Science (U.C. Berkeley)
Energy Research Computing Allocations
Process

Earth Simulator

Earth Systems Grid (DOE program)
Energy Sciences Network

Engineering and Scientific Software
Library (IBM product)

Extensible TeraGrid Facility

Finite element

Floating-point operations per second
Fast Fourier transform

(self-tuning FFT software)

First principles molecular dynamics
(computational chemistry)

Floating point register

Fusion Technology Committee
Full-time equivalent

File transfer protocol

Fiscal year

Gigabyte

Gigabits per second

Gigaflop/s (billion floating-point
operations per second)

Gigahertz

Global Parallel File System (IBM
product)

General relativity

Goddard Space Flight Center (NASA
center)

Grid Security Infrastructure
Stellarator Monte Carlo Transport (fusion
code)

(gyrokinetic fusion code)

Hardware custom accelerators (IBM
design)

Homogeneous charge compression
ignition (turbulence)



HECRTF High-End Computing Revitalization Task
Force (multi-agency working group)

HOPI Hybrid Optical/Packet Infrastructure
(Internet2 Working Group)

HPC High performance computing

HPCF High Performance Computing Facilities
Division (Berkeley Lab)

HPCRD High Performance Computing Research
Department (Berkeley Lab)

HPCS High Productivity Computing Systems

HPSS High Performance Storage System (IBM

storage system)
HRM Hierarchical Resource Manager
HSI Hierarchical Storage Interface
IB InfiniBand (network technology)
IDS Intrusion detection system
|EEE Institute for Electrical and Electronic
Engineers

INCITE Innovative and Novel Computational
Impact on Theory and Experiment

1/0 Input/output

IRU Irrevocable right-of-use (networking)
| SM Interstellar matter

ITER International Thermonuclear

Experimental Reactor (fusion program)
JAMSTEC Japanese Marine Science and
Technology Center

KDl Knowledge Discovery Initiative (NSF
program)
LAN Local areanetwork

LBNL Lawrence Berkeley National Laboratory

LCAT L eadership Computing Applications Team

LCC L eadership Computing Consortium

LCRM  Livermore Computing Resource
Management (LLNL software)

LCS L eadership Class System

LDA Local density approximation
(computational chemistry)

LED Light-emitting diode

LES Large eddy simulation (turbulence
computation)

LIGO Laser Interferometer Gravitational Wave
Observatory

LLNL Lawrence Livermore National Laboratory
(DOE laboratory)

LONI Louisiana Optical Network Initiative

LSMS Locally Self-consistent Multiple
Scattering (computational chemistry)

LSST Large-aperture Synoptic Survey
Telescope

L SU-CCT Louisiana State University Center for
Computing and Technology

LU L ower-upper diagonal (numerical linear
algebratechnique)

MAN Metro Area Network

MASS
MB
MC
MD
MEMS
MFN
MHD
MICS
MM
MPEG
MPI
MPLS
MPP
MSP
NAS
NASA
NCAR
NCSA
NERSC
NFACS

NIM

Mathematical Acceleration SubSystem (a
math and science library from IBM)
Megabyte

Monte-Carlo (numerical technique)
Molecular dynamics

Micro electro-mechanical systems

M etromedia Fibre Network, Inc.

M agneto-hydrodynamics (plasma physics)
Mathematics, |nformation and Computer
Science (DOE program)

Molecular mechanics (computational
chemistry)

Moving Pictures Experts Group (data
compression standard)

Message Passing Interface (parallel
computing software)

Multiprotocol Label Switching (network
technol ogy)

Massively parallel processing

Multi- Streaming Processor (Cray design)
Numerical Aerospace Simulation (NASA
Ames computer facility)

National Aeronautics and Space
Administration

National Center for Atmospheric
Research (NSF facility)

National Center for Supercomputer
Applications (NSF facility)

National Energy Research Scientific
Computing Center

National Facility for Advanced
Computational Science

NERSC Information Management
(account and allocation software)

NIMROD Non-ldeal Magnetohydrodynamics with

NLR
NNSA

NPACI

NPB
NREL

NREN

NSF

Rotation, Open Discussion (fusion)
National Lambda Rail (network)
National Nuclear Security Administration
(DOE program)

National Partnership for Advanced
Computational Infrastructure (NSF)
NAS Parallel Benchmarks

National Renewable Energy Laboratory
(DOE laboratory)

NASA Research and Education Network
(network)

National Science Foundation

NWCHEM Northwest Chemistry (PNNL software)
OASCR Office of Advanced Scientific Computing

ocC
ODE
ORNL

OSF

Research (DOE program)

Optical cable (networking standard)
Ordinary differential equation

Oak Ridge National Laboratory (DOE
laboratory)

Oakland Scientific Facility (LBNL
computer center)



PACI

PB
PDE

PDSF
PERC
PERCS
PETSc
Pflop/s

PIC
PIMD

PNNL

POC
PoP
POP

PoS
PPDG

QFS
QM
QmMC
QoS
RDMA
RFI
SAN

SC
SCal eS

SciDAC
SDSC

Sl
SLURM

SMP
SONET
SP
SPAI
SRM
SSP

SuperLU

Partnership for Advanced Computational
Infrastructure (NSF program)

Petabyte

Partial differential equation (numerical
approach)

Parallel Distributed Systems Facility
(NERSC computer system)

Performance Evaluation Research Center
(SciDAC program)

Productive, Easy-to-use, Reliable
Computing System (IBM project)
Portable, Extensible Tool for Scientific
Computing (numerical library)
Petaflop/s (quadrillion floating-point
operations per second)

Particle in cell (computational technique)
Path integral molecular dynamics
(computational chemistry)

Pacific Northwest National Laboratory
(DOE laboratory)

Point of contact

Point of presence (network technol ogy)
Parallel Ocean Program (climate
modeling code)

Packet over SONET (network technology)
Particle Physics Data Grid (DOE
program)

(Sun Microsystemsfile system product)
Quantum mechanics

Quantum Monte Carlo

Quality of service (network technology)
Remote direct memory access

Request for Information

Storage area network

DOE Office of Science

Science Case for Large-scale Simulation
(DOE working group)

Scientific Discovery through Advanced
Computing

San Diego Supercomputer Center (NSF
facility)

Spark ignition (engine)

Simple Linux Utility for Resource
Management (LLNL software)
Symmetric multiprocessor
Synchronous Optical Network

Scalable Parallel (IBM parallel computer
product)

Sparse approximate inverse (numerical
technique)

Storage Resource Manager (LBNL
research project)

Single-Streaming Processors (Cray
design)

(numerical software product for sparse LU
factorization)

J3

B
TCP

Terabyte
Transmission Control Protocol

TeraGrid (NSF distributed facility)

Tflop/s
TLBE
TOPS
uc
uiD
UPC
ViVA
VLIW
VVP

WAN
WRF

Teraflop/s (trillion floating-point
operations per second)

Thermal Lattice Boltzmann Equation
(fusion code)

Terascale Optimal PDE simulation
(SciDAC project)

University of California

User identification

Unified Parallel C (programming
language)

Virtual Vector Architecture (LBNL-1BM
project)

Very long instruction word (computer
architecture)

ViVA Virtual Processor

Wide area network

Weather Research and Forecasting Model
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APPENDIX K
Budget

K.1 Performance Based Budget

The budget proposed is called the “ Performance Based Budget’” since it supports the achievement of
the 50+ Tflop/s sustained performance LCS-2 system. These costs are the “total cost of ownership” for
the five-year life of the project. They include all staffing costs (salary, benefits, burden and support), all
system cogts (hardware, software, maintenance, space, procurement burden, and electricity for running
and cooling the system), and the infrastructure to connect LCS systems with the NERSC and Distributed
Terascde Facility (DTF) infrastructure. The budget also includes $300,000 for fostering collaborations.

The infrastructure to connect the LCS systems to NERSC's infrastructure consists of three major
parts:

1. $3.57M for connecting the LCS to the DTF for five years, as discussed above and in Appendix E.
Thiswill provide 30 Gigabits per second transfer over three lambda wavelengths from the LCS to the
DTF hub in Los Angeles.

2. $2.98M to provide archive storage capacity and bandwidth proportional to LCS capabilities. This is
approximately 15 PB of storage by the end of 2008. This leverages HPSS services, software and
caching disk, and provides only the additiona tape drive and tapes to hold LCS data.

3. $697,000 to provide 16 10-Gigabit Ethernet interfaces to LCS — a switch and enough network
interfaces for both LCS systems and the storage system. Ten-Gigabit Ethernet also will connect LCS
to the external routers for ESnet and DTF.

Table K-1 shows the overall costs of the proposal, which totals $151,875,000 — only 22% more than
the minimum budget guidance.

Table K-1
Performance Budget Summary
Budget Summary FY 04 FY 05 FY 06 FY 07 FY 08
(dollars in thousands)
Personnel (in Full Time Equivalents, FTE)
Computer Systems Engineer lIl (Systems) 3
Computer Systems Engineer lll (Consultant) 3
Computer Staff Scientist (Scientist area POC) 6
Computer Senior Scientist (Performance) 1
Total FTEs I 13 I
Staff Costs
Direct Salaries $438.0 $1,367.1 $1,408.2 $1,450.4 $1,493.9
Burdens 616.3 1,923.6 1,981.3 2,040.7 2,101.9] TOTALS
Other Support (Travel, etc) 26.8 82.0 83.7 85.4 87.1] in $(000§)_
Total Staff Costs $1,081.1 $3,372.7 $3,473.1 $3,576.5 $3,682.9 $15,186.4
R&D Subcontract $50.0 $300.0 $300.0 $300.0 $300.0 $1,250.0
Systems Costs
Computational Investment, Maintenance & Facilities (incl. electricity) $0.0 $37,051.0 $23,712.6 $42,862.5 $24,563.2 $128,189.4
Network 2,870.5 175.9 175.9 175.9 175.9 3,574
Storage 194.3 1,027.7 544.4 876.9 334.9 2,978
LAN 496.8 0.0 0.0 200.0 0.0 697
Total Systems Costs $3,561.6 $38,254.7 $24,433.0 $44,115.4 $25.074.0 $135,438.6
Grand Total $4,692.7 $41,927.4 $28,206.1 $47,991.8 $29,057.0 $151,875.0

Figure K-1 shows a spending plan without constrained funding. It shows a non-uniform investment
pattern that shifts year to year. Berkeley Laboratory will work with the DOE to justify a non-uniform
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funding profile, use mechanisms to carry over funding, or use lease-to-own arrangements to even out the
cash flow of the solutions. The breakdown of capital-to-operating funding will be set based on the fina
configurations and arrangements.

The budget is flexible, and Berkeley Lab is open to feedback and input. For example, it may be
desirable to have a large LCS-1 system that could be achieved by either adding more funding or
decreasing the size and expense of LCS-2.

Another adjustment is to use a“Budget Based Profile,” which adjusts the size of systems and services
to fit the $25M-a-year profile. This is discussed in Section K.2. This profile provides a 30 Tflop/s
sustained system rather than 50 Tflop/s.

Performance Budget Summary

$60,000

$50,000

$40,000

OTotal Systems Costs
$30,000 R&D Subcontract
ETotal Staff Costs

$20,000

Dollars (in Thousands)

$10,000

FY 04 FY 05 FY 06 FY 07 FY 08
Fiscal Year

$0

Figure K-1. More than 89% of the funding is going to the hardware/software systems.
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C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $574,200

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $1,941,343
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS1 $36,440,000 Tape Drives $600,000

T640 Router LAN Switches

LA Hub router interfaces LAN NICs

Grande Switch

TOTAL PERMANENT EQUIPMENT $37,040,000
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $53,092

2. FOREIGN

TOTAL TRAVEL $53,092
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $344,273

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $548,456

TOTAL OTHER DIRECT COSTS $1,362,629
H. TOTAL DIRECT COSTS (A THROUGH G) $40,397,064
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $1,941,343
Procurement Rate: 8.0% Base: $ $1,397,219 Travel Brdn Rate: 14% Base: $ $53,092

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,397,358 $1,530,330
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $41,927,394
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $41,927,394




DOE F 4620.1 U.S. Department of Energy

(04-93) Budget Page
All Other Editions Are Obsolete (See reverse for Instructions)
FY 2006

Performance Based

OMB Control No.

1910-1400
OMB Burden Disclosure

Statement on Reverse

ORGANIZATION
Lawrence Berkeley National Laboratory

Budget Page No:

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Horst D. Simon

Requested Duration:

12 (Months)

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
cAL | Acap | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 36.00 $306,397
2. Computer Systems Engineer lll (Consultant) 36.00 $294,926
3. Computer Staff Scientist (Scientist area POC) 72.00 $656,564
4. Computer Senior Scientist (Performance) 12.00 $150,270
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 13 ) TOTAL SENIOR PERSONNEL (1-6) 156.00 $1,408,157
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $1,408,157
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $591,426

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $1,999,583
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS 2 $21,500,000 Tape Drives $179,147

T640 Router LAN Switches

LA Hub router interfaces LAN NICs

Grande Switch

TOTAL PERMANENT EQUIPMENT $21,679,147
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $54,207

2. FOREIGN

TOTAL TRAVEL $54,207
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $322,052

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $2,201,124

TOTAL OTHER DIRECT COSTS $2,993,076
H. TOTAL DIRECT COSTS (A THROUGH G) $26,726,013
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $1,999,583
Procurement Rate: 8.0% Base: $ $554,145 Travel Brdn Rate: 14% Base: $ $54,207

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,413,697 $1,480,084
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $28,206,098
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $28,206,098




DOE F 4620.1 U.S. Department of Energy
(04-93) Budget Page

All Other Editions Are Obsolete (See reverse for Instructions)

OMB Control No.

1910-1400
OMB Burden Disclosure

FY 2007 Statement on Reverse
Performance Based
ORGANIZATION Budget Page No: 4
Lawrence Berkeley National Laboratory
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR Requested Duration: 12 (Months)

Horst D. Simon

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
cAL | Acap | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 36.00 $315,588
2. Computer Systems Engineer lll (Consultant) 36.00 $303,774
3. Computer Staff Scientist (Scientist area POC) 72.00 $676,261
4. Computer Senior Scientist (Performance) 12.00 $154,778
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 13 ) TOTAL SENIOR PERSONNEL (1-6) 156.00 $1,450,402
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $1,450,402
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $609,169

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $2,059,571
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS 2 $40,525,133 Tape Drives $500,000

T640 Router LAN Switches

LA Hub router interfaces LAN NICs $179,147

Grande Switch

TOTAL PERMANENT EQUIPMENT $41,204,280
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $55,345

2. FOREIGN

TOTAL TRAVEL $55,345
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $299,300

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $2,261,107

TOTAL OTHER DIRECT COSTS $3,030,308
H. TOTAL DIRECT COSTS (A THROUGH G) $46,349,504
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $2,059,571
Procurement Rate: 8.0% Base: $ $1,531,394 Travel Brdn Rate: 14% Base: $ $55,345

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,576,384 $1,642,344
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $47,991,848
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $47,991,848
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FY 2008

Performance Based

OMB Control No.

1910-1400
OMB Burden Disclosure

Statement on Reverse

ORGANIZATION
Lawrence Berkeley National Laboratory

Budget Page No:

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Horst D. Simon

Requested Duration:

12 (Months)

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
cAL | Acap | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 36.00 $325,056
2. Computer Systems Engineer lll (Consultant) 36.00 $312,887
3. Computer Staff Scientist (Scientist area POC) 72.00 $696,549
4. Computer Senior Scientist (Performance) 12.00 $159,422
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 13 ) TOTAL SENIOR PERSONNEL (1-6) 156.00 $1,493,914
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $1,493,914
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $627,444

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $2,121,358
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS 2 $16,974,867 Tape Drives

T640 Router LAN Switches

LA Hub router interfaces LAN NICs

Grande Switch

TOTAL PERMANENT EQUIPMENT $16,974,867
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $56,508

2. FOREIGN

TOTAL TRAVEL $56,508
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $314,127

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $7,561,536

TOTAL OTHER DIRECT COSTS $8,345,563
H. TOTAL DIRECT COSTS (A THROUGH G) $27,498,296
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $2,121,358
Procurement Rate: 8.0% Base: $ $367,073 Travel Brdn Rate: 14% Base: $ $56,508

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,574,469 $1,558,684
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $29,056,980
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $29,056,980
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All Other Editions Are Obsolete

OMB Control No.

1910-1400
OMB Burden Disclosure

Statement on Reverse

ORGANIZATION Budget Page No: 6
Lawrence Berkeley National Laboratory
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR Requested Duration: 12 (Months)

Horst D. Simon

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
CAL | AcAD | SUMR by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 156.00 $1,339,820
2. Computer Systems Engineer lll (Consultant) 156.00 $1,289,663
3. Computer Staff Scientist (Scientist area POC) 312.00 $2,871,043
4. Computer Senior Scientist (Performance) 52.00 $657,107
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 13 ) TOTAL SENIOR PERSONNEL (1-6) 676.00 $6,157,633
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $6,157,633
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $2,586,206

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $8,743,839
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS1&LCS2 $115,440,000 Tape Drives $1,279,147

T640 Router $1,006,180 LAN Switches $195,000

LA Hub router interfaces $382,200 LAN NICs $429,147

Grande Switch $219,617

TOTAL PERMANENT EQUIPMENT $118,951,291
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $236,485

2. FOREIGN

TOTAL TRAVEL $236,485
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $1,530,002

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $2,925,385

6. OTHER (Electricity, Space) $12,573,071

TOTAL OTHER DIRECT COSTS $17,028,458
H. TOTAL DIRECT COSTS (A THROUGH G) $144,960,073
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $8,743,839
Procurement Rate: 8.0% Base: $ $6,147,300 Travel Brdn Rate: 14% Base: $ $236,485

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $10,873,189 $6,914,927
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $151,875,000
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $151,875,000
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K.2 Funding Constrained Budget

As an dternative to the Performance-Based Budget that deploys a 50 Tflop/s sustained system, the
budget proposed in this option is called the “Funding Constrained Budget” since it supports the deploying
the most powerful LCS systems within the $25M per year in funding profile. These costs are the “total
cost of ownership” costs for the five-year life of the project. They include all staffing costs (saary,
benefits, burden and support), al system costs (hardware, software, maintenance, space, procurement
burden, and electricity for running and cooling of the system), and the infrastructure to connect LCS
systems with the NERSC infrastructure. The budget also includes $300,000 for LCC collaborations.

The infrastructure to connect the LCS systems to NERSC infrastructure consists of three major parts:

1. $3.57M for connecting the LCS to the Distributed Terascae Facility as discussed in Appendix E. This
will provide 30 Gigabits per second over three lambda wavelengths from the LCS to the DTF hub in
Los Angeles.

2. $1.9M to provide archive storage capacity and bandwidth proportional to LCS capabilities. This is
approximately 8 PB of storage by the end of 2008. This leverages HPSS services, software and
caching disk, and provides only the additional tape drive and tapes to hold LCS data.

3. $497,000 to provide six 10-Gigahit Ethernet interfaces to LCS — a switch and enough network
interfaces for both LCS systems and the storage system. Six 10-Gigabit Ethernet interfaces also will
connect LCSto the external routers for ESnet and DTF.

Table K-2 shows the overall costs of the proposal, which totals $125,220,000 — the listed budget in
the RFP. Figure K-2 shows a spending plan with constrained funding.

Table K-2
Constrained Budget Summary
Budget Summary FY 04 FY 05 FY 06 FY 07 FY 08
(dollars in thousands)
Personnel (in Full Time Equivalents, FTE)
Computer Systems Engineer Il (Systems) 3
Computer Systems Engineer lll (Consultant) 3
Computer Staff Scientist (Scientist area POC) 5
Computer Senior Scientist (Performance) 1
Total FTEs I_;LZ_I
Staff Costs
Direct Salaries $404.0 $1,260.9 $1,298.7 $1,337.7 $1,377.8
Burdens 568.4 1,774.1 1,827.3 1,882.1 1,9386 | TOTALS
Other Support (Travel, etc) 24.7 75.7 77.2 78.8 80.4 | in $(000s)
JTotal Staff Cost $997.1 $31107 $3.203.3 $3.298.6 $3.396.8 $14.0066
R&D Subcontract $50.0 $300.0 $300.0 $300.0 $300.0 $1,250.0
Systems Costs
Computational Investment, Maintenance & Facilities (incl. electricity) $0.0 $37,051.0 $24,212.6 $19,846.8 $23,430.7 $104,541.2
Network 2,870.5 175.9 175.9 175.9 175.9 3,574
Storage 97.1 458.1 172.5 456.1 167.5 1,351
LAN 496.8 0.0 0.0 0.0 0.0 497
otal Systems Costs $3.464.4 $37.685.0 $24.561.1 $20.478.8 $23.774.1 $109,963.4
Grand Total $4,511.6 $41,095.7 $28,064.3 $24,077.4 $27,470.9 $125,220.0

The differencesin this profile are;

LCS-2 is asystem with the same baance but with a sustained performance of 30 Tflop/s rather than
50 Tflop/s. LCS-2 has a pesk performance of 125 Tflop/s.

K-9
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NFACS staffing will be 12 FTE instead of 13 for NFACS support. The probable implementation is to
combine the roles of Lead Application Analyst and Lead Performance Analyst and/or provide more
shared positions

Archive tape storage costs are proportionaly lower since the performance of LCS-2 is lower.
Network bandwidth from LCS-2 will be proportionally lower since LCS-2 performance is lower.

Constrained Budget Summary
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Fiscal Year

Figure K-2. The majority of the funding (88%) is going to the hardware/software systems.

The budget is flexible and Berkeley Lab is open to feedback and input. For example, it may be
desirable to have a large LCS-1 system that could be achieved by either adding more funding or
decreasing the size and expense of LCS-2. Another alternative would be to have afull 50 Tflop/s system
but arrange longer term financing past 2008.

K-10
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FY 2004

Funding Constrained

OMB Control No.

1910-1400
OMB Burden Disclosure

Statement on Reverse

ORGANIZATION
Lawrence Berkeley National Laboratory

Budget Page No:

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Horst D. Simon

Requested Duration:

4 (Months)

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
CAL | AcAD | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 12.00 $95,307
2. Computer Systems Engineer lll (Consultant) 12.00 $91,739
3. Computer Staff Scientist (Scientist area POC) 20.00 $170,191
4. Computer Senior Scientist (Performance) 4.00 $46,743
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 12 ) TOTAL SENIOR PERSONNEL (1-6) 48.00 $403,979
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $403,979
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $169,671

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $573,650
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS1 Tape Drives

T640 Router $1,006,180 LAN Switches $195,000

LA Hub router interfaces $382,200 LAN NICs $250,000

Grande Switch $219,617

TOTAL PERMANENT EQUIPMENT $2,052,997
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $16,000

2. FOREIGN

TOTAL TRAVEL $16,000
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $162,917

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $1,045,784

6. OTHER (Electricity, Space) $783

TOTAL OTHER DIRECT COSTS $1,209,484
H. TOTAL DIRECT COSTS (A THROUGH G) $3,852,130
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $573,650
Procurement Rate: 8.0% Base: $ $2,210,105 Travel Brdn Rate: 14% Base: $  $16,000

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $847,762 $659,432
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $4,511,563
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $4,511,563
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(04-93)
All Other Editions Are Obsolete

OMB Control No.

1910-1400
OMB Burden Disclosure

Statement on Reverse

ORGANIZATION
Lawrence Berkeley National Laboratory

Budget Page No:

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Horst D. Simon

Requested Duration:

12 (Months)

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
cAL | Acap | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 36.00 $297,472
2. Computer Systems Engineer lll (Consultant) 36.00 $286,336
3. Computer Staff Scientist (Scientist area POC) 60.00 $531,201
4. Computer Senior Scientist (Performance) 12.00 $145,894
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 12 ) TOTAL SENIOR PERSONNEL (1-6) 144.00 $1,260,903
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $1,260,903
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $529,579

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $1,790,482
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS1 $36,440,000 Tape Drives $300,000

T640 Router LAN Switches

LA Hub router interfaces LAN NICs

Grande Switch

TOTAL PERMANENT EQUIPMENT $36,740,000
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $49,008

2. FOREIGN

TOTAL TRAVEL $49,008
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $122,585

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $548,260

TOTAL OTHER DIRECT COSTS $1,140,746
H. TOTAL DIRECT COSTS (A THROUGH G) $39,720,236
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $1,790,482
Procurement Rate: 8.0% Base: $ $975,439 Travel Brdn Rate: 14% Base: $ $49,008

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,187,187 $1,375,496
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $41,095,732
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $41,095,732
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ORGANIZATION
Lawrence Berkeley National Laboratory

Budget Page No:

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Horst D. Simon

Requested Duration:

12 (Months)

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
cAL | Acap | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 36.00 $306,397
2. Computer Systems Engineer lll (Consultant) 36.00 $294,926
3. Computer Staff Scientist (Scientist area POC) 60.00 $547,137
4. Computer Senior Scientist (Performance) 12.00 $150,270
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 12 ) TOTAL SENIOR PERSONNEL (1-6) 144.00 $1,298,730
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $1,298,730
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $545,467

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $1,844,197
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS 2 $22,000,000 Tape Drives

T640 Router LAN Switches

LA Hub router interfaces LAN NICs

Grande Switch

TOTAL PERMANENT EQUIPMENT $22,000,000
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $50,037

2. FOREIGN

TOTAL TRAVEL $50,037
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $167,009

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $2,200,928

TOTAL OTHER DIRECT COSTS $2,837,838
H. TOTAL DIRECT COSTS (A THROUGH G) $26,732,072
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $1,844,197
Procurement Rate: 8.0% Base: $ $219,863 Travel Brdn Rate: 14% Base: $ $50,037

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,205,242 $1,332,272
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $28,064,344
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $28,064,344
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ORGANIZATION Budget Page No: 4
Lawrence Berkeley National Laboratory
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR Requested Duration: 12 (Months)

Horst D. Simon

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
cAL | Acap | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 36.00 $315,588
2. Computer Systems Engineer lll (Consultant) 36.00 $303,774
3. Computer Staff Scientist (Scientist area POC) 60.00 $563,551
4. Computer Senior Scientist (Performance) 12.00 $154,778
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 12 ) TOTAL SENIOR PERSONNEL (1-6) 144.00 $1,337,692
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $1,337,692
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $561,831

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $1,899,522
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS 2 $17,515,133 Tape Drives $250,000

T640 Router LAN Switches

LA Hub router interfaces LAN NICs

Grande Switch

TOTAL PERMANENT EQUIPMENT $17,765,133
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $51,088

2. FOREIGN

TOTAL TRAVEL $51,088
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $171,301

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $2,256,965

TOTAL OTHER DIRECT COSTS $2,898,166
H. TOTAL DIRECT COSTS (A THROUGH G) $22,613,910
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $1,899,522
Procurement Rate: 8.0% Base: $ $974,155 Travel Brdn Rate: 14% Base: $ $51,088

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,340,703 $1,463,526
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $24,077,435
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $24,077,435
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ORGANIZATION
Lawrence Berkeley National Laboratory

Budget Page No:

PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Horst D. Simon

Requested Duration:

12 (Months)

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
cAL | Acap | sumr by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 36.00 $325,056
2. Computer Systems Engineer lll (Consultant) 36.00 $312,887
3. Computer Staff Scientist (Scientist area POC) 60.00 $580,457
4. Computer Senior Scientist (Performance) 12.00 $159,422
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 12 ) TOTAL SENIOR PERSONNEL (1-6) 144.00 $1,377,823
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $1,377,823
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $578,686

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $1,956,508
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS 2 $17,974,867 Tape Drives

T640 Router LAN Switches

LA Hub router interfaces LAN NICs

Grande Switch

TOTAL PERMANENT EQUIPMENT $17,974,867
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $52,161

2. FOREIGN

TOTAL TRAVEL $52,161
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $163,040

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $469,900

6. OTHER (Electricity, Space) $5,436,211

TOTAL OTHER DIRECT COSTS $6,069,152
H. TOTAL DIRECT COSTS (A THROUGH G) $26,052,688
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $1,956,508
Procurement Rate: 8.0% Base: $ $215,894 Travel Brdn Rate: 14% Base: $ $52,161

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $2,353,495 $1,418,238
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $27,470,926
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $27,470,926
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ORGANIZATION Budget Page No: 6
Lawrence Berkeley National Laboratory
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR Requested Duration: 12 (Months)

Horst D. Simon

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates DOE Funded
(List each separately with title; A.6. show number in brackets) Person-mos. Funds Requested Funds Granted
CAL | AcAD | SUMR by Applicant by DOE

1. Computer Systems Engineer lll (Systems) 156.00 $1,339,820
2. Computer Systems Engineer lll (Consultant) 156.00 $1,289,663
3. Computer Staff Scientist (Scientist area POC) 260.00 $2,392,536
4. Computer Senior Scientist (Performance) 52.00 $657,107
5.
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 12 ) TOTAL SENIOR PERSONNEL (1-6) 624.00 $5,679,126
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( ) POST DOCTORAL ASSOCIATES
2.( ) OTHER PROFESSIONAL (TECHNICIAN, PROGRAMMER, ETC.)
3. ( ) GRADUATE STUDENTS
a.( ) UNDERGRADUATE STUDENTS
5. ( ) SECRETARIAL - CLERICAL
6. ( ) OTHER

TOTAL SALARIES AND WAGES (A+B) $5,679,126
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $2,385,233

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $8,064,359
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM.)

LCS1&LCS2 $93,930,000 Tape Drives $550,000

T640 Router $1,006,180 LAN Switches $195,000

LA Hub router interfaces $382,200 LAN NICs $250,000

Grande Switch $219,617

TOTAL PERMANENT EQUIPMENT $96,532,997
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS) $218,294

2. FOREIGN

TOTAL TRAVEL $218,294
F. TRAINEE/PARTICIPANT COSTS

1. STIPENDS (ltemize levels, types + totals on budget justification page)

2. TUITION & FEES

3. TRAINEE TRAVEL

4. OTHER (fully explain on justification page)

TOTAL PARTICIPANTS ( ) TOTAL COST
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $786,853

2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

3. CONSULTANT SERVICES

4. COMPUTER (ADPE) SERVICES

5. SUBCONTRACTS - (incl. R&D) $2,925,385

6. OTHER (Electricity, Space) $10,443,148

TOTAL OTHER DIRECT COSTS $14,155,385
H. TOTAL DIRECT COSTS (A THROUGH G) $118,971,035
I INDIRECT COSTS (SPECIFY RATE AND BASE) Org Brdn Rate: 16.5% Base:  $8,064,359
Procurement Rate: 8.0% Base: $ $4,595,455 Travel Brdn Rate: 14% Base: $ $218,294

TOTAL INDIRECT COSTS General Rate: 45.5% Base: $9,934,390 $6,248,964
J.  TOTAL DIRECT AND INDIRECT COSTS (H+l) $125,220,000
K. AMOUNT OF ANY REQUIRED COST SHARING FROM NON-FEDERAL SOURCES
L. TOTAL COST OF PROJECT (J+K) $125,220,000




DISCLAIMER

This document was prepared as an account of work sponsored by the United States Government. While this
document is believed to contain correct information, neither the United States Government nor any agency
thereof, nor The Regents of the University of California, nor any of their employees, makes any warranty, express
or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by its trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof, or The Regents of the University of California.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof or The Regents of the University of California.
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